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K ^NOTEtr GENEG jVND rOLlTEPTIDE S iF OR THE DIAGNOSIS AND 

TREATMENT OF GIANT CELL ARTERITIS 



FIELD OF THE INVENTION 

5 This invention generally pertains to the fields of medicine and medical diagnostics. In 

particular, this invention provides novel genes and polypeptides and methods for making and 
using them. Specifically, the compositions and methods of the invention are used to diagnose 
and treat Giant Cell Arteritis (GCA). 



BACKGROUND OF THE INVENTION 



Giant cell arteritis (GCA) is a systemic vascuUtis that is a serious and potentially blinding 
rheumatologic disease of the eloerly. Current treatment of GCA requires systemic 
immunosuppression with profound morbidity in the affected elderly population. GCA is widely 
beheved to be immune-mediated; However, the etiology and pathogenesis of this systemic 
vasculitis remains unidentified. FurOiermore, diagnosis of GCA is difficult because it relies on a 
constellation of nonspecific signs and imnptoms and a diagnostic arterial biopsy. Significantly, 
m blindness may be the first symptom of GCA. Thus, if a way was found to better diagnose or 
D even screen for early onset or predisposition for GCA at an earlier stage of the disease, many 

cases of blindness and many lives would ba saved. 
20 Currently, corticostt;roids are critical in the treatment of giant cell arteritis; they reduce 

the incidence of blindness anci rapidly relieve symptoms. However, the amounts of steroids 
(e.g., prednisone) needed are smnificant and not without side effects; particularly as they usually 
must be given over an extended period of time, usually about two years. Steroid treatment is not 
uniformly effective and causes significant morbidity in up to 40% of patients because of 
25 hypertension, osteoporosis, infection, glucose dysregulation, fluid overload, and aseptic necrosis 
of the hip or shoulder. Alternative us\ of nonsteroidal anti-inflammatory drugs (NSAIDs) will 
lessen the painful symptoms, but they (ft) not prevent the blindness or vascular problems. 
Accordingly, new methods of treating GQ^ are needed. The present invention addresses these 
and other needs. 
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SUMMARY OF THE INVENTION 

The present invention provides novel compositions and methods in the screening for, 
diagnosis of and treatment of GCA. 

The invention provides an isolated or recombinant nucleic acid comprising a nucleic acid 
5 sequence having at least 75% sequence identity to SEQ ID NO: 1 or a nucleic acid encoding a 
polypeptide, wherein the polypeptide has a sequence as set forth in SEQ ID N0:2; or a nucleic 
acid sequence having at least 75% sequence identity to SEQ ID N0:3 or a nucleic acid encoding 
a polypeptide, wherein the polypeptide has a sequence as set forth in SEQ ID N0:4; or a nucleic 
acid sequence having at least 85% sequence identity to SEQ ID N0:5 or a nucleic acid encoding 

10 a polypeptide, wherein the polypeptide has a sequence as set forth in SEQ ID N0:6; or a nucleic 
n: acid sequence having at least 75% sequence identity to SEQ ED N0:7 or a nucleic acid encoding 
^ a polypeptide, wherein the polypeptide has a sequence as set forth in SEQ ID N0:8. In various 
m embodiments, the sequence identity to SEQ ID NO: 1 is at least 80%, 85%, 90%, 95%, and 98%; 
m the sequence identity to SEQ ID N0:3 is at least 80%, 85%, 90%, 95%, and 98%; the sequence 

11 identity to SEQ ID N0:5 is at least 90%, 95%, and 98%; and, the sequence identity to SEQ ID 
s N0:7 is at least 80%, 85%, 90%, 95%, and 98%. The nucleic acid can also comprises a 

S sequence as set forth in SEQ ID NO: 1 ; SEQ ID N0:3; SEQ ID N0:5; or SEQ ID N0:7. 
H= The invention also provides an isolated or recombinant nucleic acid comprising a nucleic 

3 acid sequence having at least 75% sequence identity to SEQ ID N0:9, SEQ ID NO: 10; SEQ ID 
y N0:11; SEQ ID N0:13; SEQ ID N0:14, SEQ ID N0:15 or SEQ ID N0:16; or has a sequence as 
set forth in SEQ ID NO: 12. In alternative embodiments, the sequence identity to SEQ ID N0:9, 
SEQ ID NO:10; SEQ ID N0:11; SEQ ID N0:13; SEQ ID N0:14, SEQ ID NO:15 or SEQ ID 
NO: 16 is at least 80%, 85%, 90%, 95%, and 98%. The nucleic acid can also have a sequence as 
set forth in SEQ ID N0:9, SEQ ID NO:10; SEQ ID N0:11; SEQ ID N0:13; SEQ ID N0:14, 
25 SEQ ID NO: 1 5 or SEQ ID NO: 1 6. 

The invention provides an isolated or recombinant nucleic acid which specifically 
hybridizes to a nucleic acid comprising a sequence as set forth in SEQ ID N0:1, SEQ ED N0:3, 
SEQ ID NO:5, SEQ ID N0:7, SEQ ID N0:9, SEQ ID NO:10, SEQ ID N0:11, SEQ ID N0:13, 
SEQ ID N0:14, SEQ ID N0:15 or SEQ ID N0:16 under stringent conditions, wherein the 
30 stringent conditions include a wash step comprising a wash in 0.2X SSC at a temperatitfe of 
about 65°C for about 15 minutes. The nucleic acid can be between about 15 and about 200 
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residues in length; between about 25 and about 100 residues in length; or between about 35 and 
about 75 residues in length. 

The invention provides an expression vector comprising at least one nucleic acid 
operably linked to a promoter, wherein the nucleic acid comprises a nucleic acid sequence of the 
5 invention. In the expression vector, the nucleic acid can be operably linked to the promoter in 
the sense orientation or the antisense orientation. Also provided is a transformed cell comprising 
the nucleic acids and /or expression vectors of the invention. 

The invention provides a polymerase chain reaction (PGR) primer pair that can amplify a 
nucleic acid sequence of the invention, or a subsequence thereof, under in situ or in vitro 

10 conditions. 

The invention provides an isolated or recombinantly expressed polypeptide, said 
'5 polypeptide encoded by nucleic acid which specifically hybridizes to a nucleic acid comprising a 

11 sequence as set forth in SEQ ID N0:1, SEQ ID N0:3, SEQ ID N0:5, SEQ ID N0:7, SEQ ID 

m NO:9,SEQIDNO:10,SEQIDNO:ll,SEQIDNO:13,SEQIDNO:14,SEQIDNO:15orSEQ 
ll ID NO: 1 6 under stringent conditions, wherein the stringent conditions include a wash step 

comprising a wash in 0.2X SSC at a temperature of about 65°C for about 1 5 minutes. 
2 The invention provides a polypeptide encoded by SEQ ID NO: 1 , SEQ ID N0:3, SEQ ID 

M N0:5, SEQ ID N0:7, SEQ ID N0:9, SEQ ID NO:10, SEQ ID N0:11, SEQ ID N0:12,SEQ ID 
Q N0:13, SEQ ID N0:14, SEQ ID N0:15 or SEQ ID N0:16 in any reading fi-ame on either strand 
y (e.g., coding strand or complementary strand); such exemplary polypeptide and peptide 
sequences of the invention are set forth herein. 

The invention provides an isolated or recombinantly expressed polypeptide having 75% 
sequence identity to SEQ ID N0:2, 75% sequence identity to SEQ ID N0:4, having 85% 
sequence to SEQ ID N0:6 or 75% sequence identity to SEQ ID N0:8. In alternative 
25 embodiments, the polypeptide has 80%, 85%, 90%, 95%, and 98% sequence identity to an amino 
acid sequence as set forth in SEQ ID N0:2, SEQ ID N0:4, and SEQ ID N0:8; and, 90%, 95%, 
and 98% sequence identity to an amino acid sequence as set forth in SEQ ID N0:6. The isolated 
or recombinantly expressed polypeptide of the invention can have an amino acid sequence as set 
forth in SEQ ID N0:2, SEQ ID N0:4, SEQ ID N0:6, or SEQ ID N0:8. The isolated or 
30 recombinantly expressed polypeptide can be between about 15 and about 200 residues in length; 
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between about 25 and about 100 residues in length; or between about 35 and about 75 residues in 
length. 

The invention further provides an immunogenic peptide comprising a subsequence of a 
polypeptide of the invention, exemplary sequences of which are provided herein. For example, 
5 the immunogenic peptide can have a sequence as set forth from about residue 1 to residue 92 of 
SEQ E) N0:2; about residue 1 to 124 of SEQ ID N0:4; about residue 1 to 48 of SEQ ID N0:6; 
or about residue 1 to 81 of SEQ ID N0:8. The invention also provides a fusion protein 
comprising a polypeptide, particularly an immunogenic peptide, and a heterologous sequence. 
The heterologous sequence can be any sequence not GCA-associated; for example, a sequence 

10 that aids in the expression, isolation/ purification of the fusion protein. 

The invention provides an isolated or recombinant antibody or binding fragment thereof 
1 which specifically binds to a polypeptide or peptide or an immunogenic fragment thereof; of the 
i invention. The antibody can be a monoclonal antibody or a polyclonal antibody or binding 
I fragment thereof The invention fiirther provides a hybridoma cell line comprismg (e.g., 

11 producing) a monoclonal antibody of the invention. 

7 The invention provides kits for detecting the presence of nucleic acid sequences 

I associated with GCA (typically from, e.g., a serum, urine, tissue or biopsy sample) comprising a 
^ nucleic acid of the invention, or combinations thereof; where a micleic acid in the sample 
i detectably hybridizes to a micleic acid of the invention under in situ or in vitro conditions. Also 
provided are kits for detecting the presence of nucleic acid sequences associated with GCA (also 
typically from, e.g., a serum, urine, tissue or biopsy sample) comprising an ampUfication primer 
pair that can ampUfy a sample nucleic acid having a sequence as set forth in claim 1, claim 5 or 
claim 9 under in situ or in vitro conditions. Further provided are kits for detecting the presence 
of polypeptide sequences associated with GCA comprising an antibody of the invention. 

The invention also provides kitsVg., ELISA kits, for detecting the presence of human 
antibodies associated with GCA in a samk comprising a polypeptide of the invention. The 
polypeptides or peptides in the kit can be inWobilized. The kit can further comprise a non- 
human antibody or an antisera that specificalV binds to a human antibody under an in situ or in 
vitro conditions. As described below, the non-Wian antibody in the kit can further comprise a 
detectable tag (e.g., an enzyme, a radionuclide, bMn, and the Uke, as discussed below), or the 
invention can comprise a second antibody capable ^binding to the first non-human antibody. 
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The invention provides arrays (also called "DNA chips" or "microarrays") of 
oligonucleotide probes for the identification of GCA-associated nucleic acid in a sample. The 
nucleic acid in these arrays are typically immobilized on a soUd support comprising, amongst 
other nucleic acids, a GCA-associated nucleic acid of the invention. 
5 The invention ^ovides methods for diagnosing or determining predisposition for GCA 

comprising the foUowinLteps: (a) providing an antibody that specifically binds to a 
i>\ polypeptide associated A GCA, wherein the antibody has the same specificity as an antibody 
^\ / of the invention (that binds tb a GCA-associated peptide or polypeptide); or, a nucleic acid that 
^ ' can detectably hybridizes to aVicleic acid of the invention under in situ or in vitro conditions; 
10 (b) providing a tissue or fluid (\g., whole blood, serum or urine) sample; (c) contacting the 
^ antibody or nucleic acid with theWple; and (d) detecting whether the antibody specifically 
S binds to a polypeptide in the tissue\r serum sample or the micleic acid hybridizes to a nucleic 
f acid m the tissue or serum sample; Xein the specific binding or hybridization is diagnostic for 

or determines a predisposition for GCA.\ 
?J The invention provides methods for diagnosing or determining predisposition for GCA 

^ comprismg the foUowmg steps: (a) providing a micleic acid amplification primer pair of the 
P invention that can amplify a GCA-associated nucleic acid under in situ or in vitro conditions; (b) 
Z providing a tissue or fluid (e.g., whole blood, serum or urine) sample; (c) contacting the primer 
i pair with the tissue or fluid (e.g., whole blood, serum or urine) sample under ampUfication 
i reaction conditions; and (d) detecting whether tiie primer pair has amplified a micleic acid in the 
sample; wherein hybridization is diagnostic for or determines a predisposition for GCA. 

The invention provides methods for diagnosing or determining predisposition for GCA 
comprising tiie following steps: (a) providing a polypeptide or peptide of tiie invention (a GCA- 
associated polypeptide); (b) providing a tissue or fluid (e.g., whole blood, serum or urine) 
25 sample; (c) contacting the sample with the polypeptide or peptide under physiologic conditions; 
and (d) detecting whether an antibody in the sample specifically binds to a polypeptide or 
peptide of step (a); wherein antibody binding is diagnostic for or determines a predisposition for 
GCA. In this method the detection in step (d) can be an ELISA assay or equivalent thereof, as 

discussed below. \ 

The invention provides methods for isolating nucleic acid sequences associated with 
GCA comprising the following steps: (a) proving a first tissue sample fi-om a tissue or fluid 
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specimen not showing histologic pother signs of GCA and a second tissue sample from a tissue 
or fluid specimen showing histologft: or other signs of GCA; (b) isolatmg the nucleic acid from 
both samples; (c) substracting nucleic acid from the first sample from the second sample to 
isolate nucleic acid only present in the\econd sample, wherein the isolated nucleic acid from the 
5 second sample is associated with GCA-Mected tissue and not normal tissue. This aspect of the 
invention can incorporate all variations aM equivalents of substractive hybridization techniques, 
as described below. In this method, the fiAt and the second tissue sections can be taken from a 
"skip" lesion of a temporal artery of a GCA^patient. 

The invention provides methods for isolating lymphocytes involved in the pathogenesis 
10 ofGCA comprising the following steps: (a) incubating a GCA-associated polypeptide or peptide 

of the invention with a plurality of adherent, irradiated antigen presenting cell cultures; (b) 
f contacting a sample of isolated lymphocytes from a GCA patient with the polypeptide-mcubated 

1 adherent antigen presenting cell cultures of step (a); (c) culturing the cells contacted in step (b) 
I; for sufficient time to allow for cytokine secretion or cell proliferation; and (d) detecting which 
S cell cuhure comprises proUferating cells or cells secreting cytokines, wherein prohferation or 
y secretion of cytokines indicates the isolated lymphocytes are involved in the pathogenesis of 
Q GCA. In this method, the lymphocytes can be B cells, stem cells or T cells. The cells can be 
C cultured for about 2 to 5 days before cell proliferation or cytokine secretion is analyzed. 

2 The invention provides methods for generating antibodies for the diagnosis or treatment 
i of GCA comprising administering a GCA-associated polypeptide or peptide of the invention in 

amounts sufficient to generate an immune response. The immune response can be primarily 
humoral, cell-based, or a combination thereof The GCA-associated polypeptides can be 
administered to non-human animals to generate non-human antibodies for diagnostic tests (they 
can also be administered to human Ab-gene-carrying mice to generate all-human antibodies, as 

25 discussed below). The GCA-associated polypeptides also can be administered to humans as 
vaccines for the treatment or prevention of GCA. 

The invention provides methods for making the nucleic acids, polypeptides, and 
antibodies of the invention, as described herein. These can be isolated from nature, made in 
recombinant expression systems or can be entirely synthetic, as described herein. For example, 

30 nucleic acids within the scope of the invention can be identified and isolated using, e.g., nucleic 
acid hybridization techniques, including in situ hybridization, traditional techniques such as dot- 
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blotting of cDNA or genomic libraries, or amplification techniques, such as PGR. Amplification 
primers can be designed directly from the GCA-associated nucleic acids described herein, or 
they can be modified, degenerate primers, as discussed below. Polypeptides can be identified 
and isolated using a variety of methods, including, e.g., analysis of ORFs from GCA-associated 
nucleic acids, binding with GCA-associated antibodies, wherein the antibodies can be, e.g., 
isolated from human patients or generated using the polypeptides or peptides of the invention, 
and the binding can be, e.g., in tissue samples or expression libraries. Antibodies can be made 
by inoculation of mammalian recipients using, e.g., the polypeptides or peptides of the invention, 
or, they can be isolated from immunized animals or expression libraries, e.g., phage (antibody 
binding site) expression libraries. 

A ftirther understanding of the nature and advantages of the present invention is realized 
by reference to the remaining portions of the specification, the figures and claims. 

All publications, patents and patent applications cited herein are hereby expressly 
incorporated by reference for all purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a representative experiment using the ftision protein GCAlb-GST in 
serum ELISA using various dilution of human serum from a GCA+ and GCA- individual and 
detecting for bound human IgG. 

Figure 2 illustrates a representative experiment using the fusion protein GCA17-GST in 
serum ELISA using various dilution of human serum from a GCA+ and GCA- individual and 
detecting for bound human IgG. 

Figure 3 illustrates a representative experiment using four exemplary GCA-GST ftision 
proteins, GCA la-GST, GCA lb-GST, GCA14-GST, and GCA17-GST. These fiision proteins 
were used to detect serum IgG in sera from 10 GCA+ and 10 GCA- individuals. 

DETAILED DESCRIPTION 

The present invention provides a novel strategy for the detection, diagnosis and treatment 
of Giant Cell Arteritis (GCA). The invention provides for compositions and methods usefiil for 
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early diagnosis of (including assessing the predisposition for acquiring GCA) and the treatment 
of GCA. Use of the invention to screen elderly patients for predisposition to GCA and early 
diagnosis of GCA is particularly needed to prevent a common cause of blindness in our aging 
population. GCA is seen especially in the elderly, usually at a mean age of about 70 years old. 
Blindness is the most serious and irreversible feature of GCA, where it can be sudden, painless 
and permanent. Involvement of both eyes can occur. Significantly, blindness may be the initial 
clinical presentation of GCA. Accordingly, use of the methods and composition of the 
invention will prevent or ameliorate (in addition to treating) significant numbers of incidents of 
blindness in our aging population. 

The invention is based on theyiscovery that novel sequences can be associated with GCA 
lesions. While the invention is not limited by any particular theory or mechanism, these unique- 
GCA associated sequences may be associated with a pathology initiating or causative 
microorganism. Accordingly, subtractivte hybridization of normal (non-involved) firom GCA- 
involved tissue led to the discovery of the\novel GCA-associated sequences of the invention. 
Translation of exemplary sequences to recombinant polypeptides (in the form of fusion proteins 
for convenience of isolation and manipulation) led to the discovery that GCA patients have 
circulating antibodies that specifically bind td the polypeptides of the invention. Accordingly, 
the peptides and polypeptides of the inventionVe used in kits and methods for diagnosing GCA 
by identifying circulating anti-GCA antibodies i\ the serum, urine or tissue samples of patients. 
Because blindness may be the first presenting synMom of GCA, the diagnostic methods of the 
invention can be used screen for GCA on patients thht, while having no symptoms of GCA, do 
have a relatively high probability of suffering fi-om GOA, such as elderly patients. 

DEFINITIONS 

Unless defined otherwise, all technical and scientific terms used herein have the meaning 
commonly understood by a person skilled in the art to which this invention belongs. As used 
herein, the following terms have the meanings ascribed to them unless specified otherwise. 

The term "amphfying" and "amplification" as used herein incorporates its common usage 
and refers to the use of any suitable ampUfication methodology for generating or detecting 
recombinant or naturally expressed nucleic acid, as described in detail, below. For example, the 
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invention provides methods and reagents {e.g., specific degenerate oUgonucleotide primer pairs) 
for ampUfying {e.g., by polymerase chain reaction, PGR) naturally expressed (e.g., genomic or 
mRNA) or recombinant (e.g.. cDNA) nucleic acids ofthe invention {e.g., GCA-associated 
sequences ofthe invention) in vivo or in vitro. 

The term "antibody" includes both intact antibodies having at least two heavy (H) chains 
and two Ught (L) chains inter-connected by disulfide bonds and antigen binding firagments 
thereof, either isolated from natural sources, recombinantly generated or partially or entirely 
synthetic. Examples of antigen binding fragments include, e.g., (i) aFab fragment, a monovalent 
fragment consisting ofthe VL, VH, CL and CHI domains; (ii) a F(ab')2 fragment, a bivalent 
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a 
Fd fragment consisting ofthe VH and CHI domains; (iv) a Fv fragment consisting ofthe VL and 
VH domains of a single arm of an antibody, (v) a dAb fragment (Ward et al, (1989) Nature 
341:544-546), which consists of a VH domain; and (vi) an isolated complementarity determining 
region (CDR). Although the two domains ofthe Fv fragment, VL and VH, are coded for by 
separate genes, they can be joined, using recombinant methods, by a synthetic linker that enables 
them to be made as a single protein chain in which the VL and VH regions pair to form 
monovalent molecules (known as single chain Fv (scFv); See e.g.. Bird et al. (1988) Science 
lAl-.Al-iAie; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Single chain 
antibodies are also antibodies ofthe invention. Fragments can be also prepared by enzymatic or 
chemical cleavage of intact antibodies. "Specific binding" refers to antibody binding to a 
predetermined antigen. Typically, the antibody binds with an association constant (Ka) of at 
least about 1 x 10^ M"' or lO' M\ or about 10« M'' to lO' or about lO''' M"' to lO" M"^ or 
higher, and binds to the predetermined antigen with an affinity that is at least two-fold greater 
than its affinity for binding to a non-specific antigen {e.g., BSA, casein) other than the 
predetermined antigen or a closely-related antigen. The phrases "an antibody recognizing an 
antigen" and "an antibody specific for an antigen" are used interchangeably herein with the term 
"an antibody which binds specifically to an antigen." The term "high affinity" for an IgG 
antibody refers to an equilibrium association constant (K.) of at least about 10^M-\ at least about 
lO^M-^ at least about lO^M"'. at least about lO'^M'', at least about IO^'M'', or at least about 
lO^^M-'^ or greater, e.g., up to lO'^M * or or greater. However, "high affinity" binding 

can vary for other antibody isotypes. 
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The term "array" includes any array of probes, e.g., nucleic acids stably associated with 
the surface of a solid support under hybridization conditions sufficient to produce a hybridization 

pattern, as discussed in detail, below. 

The term "expression vector" refers to any recombinant expression system for the 
purpose of expressing a nucleic acid sequence of the invention in vitro or in vivo, constitutively 
or inducibly, in any cell, including prokaryotic, yeast, fungal, plant, insect or mammahan cell. 
The term includes linear or circular expression systems. The term includes expression systems 
that remain episomal or mtegrate into the host cell genome. The expression systems can have 
the ability to self-replicate or not, i.e., drive only transient expression in a cell. The term 
includes recombinant "expression cassettes" which contain only the minimmn elements needed 
for transcription of the recombinant nucleic acid. 

The term "fusion protein" or "fusion polypeptide" includes polypeptides having 
sequences which are normally unrelated to each other, e.g., a polypeptide of the invention (e.g., 
SEQ ID N0:2, SEQ ID N0:4, SEQ ID N0:6, SEQ ID N0:8) linked to a "heterologous 
sequence" (see definition below), as discussed in detail, below. 

The term "giant cell arteritis" or "GCA" describes the chronic inflammatory disease 
Q characterized by the progressive inflammation of many arteries of the body (panarteritis), and is 
E sometimes also known as "temporal arteritis," "Horton-s disease," "cranial arteritis," or 
I "gramxlomatous arteritis." It is typically diagnosed by clmical symptoms and by histopathologic 

fi) analysis, as described below. 

The term "heterologous" when used with reference to a nucleic acid or polypeptide, 
indicates that a sequence that comprises two or more subsequences which are not found in the 
same relationship to each other as normally found in nature, or is recombinantly engmeered so 
that its level of expression, or physical relationship to other nucleic acids or other molecules m a 
25 cell, or structure, is not normally found in nature. For instance, a heterologous nucleic acid is 

typically recombinantly produced, having two or more sequences firom urn-elated genes arranged 
inamamier not found in nature; e.g.,anucleicacid open reading frame(ORF)ofthe invention 

operatives linked to a promoter sequence inserted into an expression cassette, e.g., a vector, of 
the invention. As another example, a polypeptide of the invention is linked to tag, e.g., a 
30 detection- and purification-facilitating domain, as a fusion protein. 
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As used herein, the term "immune response" includes any humoral (antibody) or cellular 
immune response or combination thereof. 

As used herein, "isolated," when referring to a molecule or composition, such as, e.g., an 
isolated infected cell comprising a nucleic acid sequence derived from a library of the invention, 
means that the molecule or composition (including, e.g., a cell) is separated from at least one 
other compound, such as a protein, DNA, RNA, or other contaminants with which it is 
associated in vivo or in its naturally occurring state. Thus, a nucleic acid or polypeptide or 
peptide sequence is considered isolated when it has been isolated from any other component with 
which it is naturally associated. An isolated composition can, however, also be substantially 
pure. An isolated composition can be in a homogeneous state. It can be in a dry or an aqueous 
solution. Purity and homogeneity can be determined, e.g. , using any analytical chemistry 

technique, as described herein. 

The term "nucleic acid" or "nucleic acid sequence" refers to a deoxy-ribonucleotide or 
ribonucleotide oUgonucleotide, including single- or double-sfranded, or coding or non-coding 
(e.g., "antisense") forms. The term encompasses nucleic acids, i.e., oligonucleotides, contaimng 
known analogues of natural nucleotides. The term also encompasses nucleic-acid-like structures 
with synthetic backbones, see e.g., OUgonucleotides and Analogues, a Practical Approach, ed. F. 
Eckstein, Oxford Univ. Press (1991); Antisense Strategies, Amials of the N.Y. Academy of 
Sciences, Vol 600, Eds. Baserga et al. (NYAS 1992); MiUigan (1993) J. Med. Chem. 
36 1923-1937; Antisense Research and Apphcations (1993, CRC Press), WO 97/03211; WO 
96/39154; Mata (1997) Toxicol. Appl. Pharmacol. 144:189-197; Strauss-Soukup (1997) 
Biochemistry 36:8692-8698; Samstag (1996) Antisense Nucleic Acid Drug Dev 6:153-156. 

As used herein, the term "operably linked," refers to a functional relationship between 
two or more nucleic acid (e.g. , DNA) segments. Typically, it refers to the functional relationship 
of a transcriptional regulatory sequence to a franscribed sequence. For example, a promoter 
(defined below) is operably linked to a coding sequence, such as a nucleic acid of the mvention, 
if it stimulates or modulates the transcription of the codmg sequence in an appropriate host cell 
or other expression system. Generally, promoter transcriptional regulatory sequences that are 
operably linked to a transcribed sequence are physically contiguous to the transcribed sequence, 
i e they are m-acting. However, some transcriptional regulatory sequences, such as enhancers, 
need not be physically contiguous or located in close proximity to the coding sequences whose 
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transcription they enhance. For example, in one embodiment, a promoter is operably linked to 
an ORF-containing nucleic acid sequence of the invention, as exempHfied by, e.g., SEQ ID 
NO l SEQ ID N0:3, SEQ ID N0:5 and SEQ ID N0:7. 

' The terms "polypeptide," "protein," and "peptide" include compositions of the invention 
that also include "analogs," or "conservative variants" and "mimetics" ("peptidomimetics") with 
structures and activity that substantially correspond to the exemplary sequences, such as SEQ ID 
NO-2- SEQ ID N0:4; SEQ ID N0:6; or SEQ ID N0:8. Thus, the terms "conservative vanant" 
or "aiialog" or "mimetic" also refer to a polypeptide or peptide which has a modified ammo acid 
sequence, such that the change(s) do not substantially alter the polypeptide's (the conservative 
variant's) structure and/or activity (e.g., immunogenicity, ability to bind to human antibodies, 
etc) as defined herein These include conservatively modified variations of an ammo acid 
sequence, i.e., amino acid substitutions, additions or deletions of those residues that are not 
critical for protem activity, or substitution of amino acids with residues having similar properties 
(e g acidic, basic, positively or negatively charged, polar or non-polar, etc.) such that the 
substitiitions of even critical amino acids does not substantially alter sti^cture and/or activity. 
Conservative substitiition tables providing fiinctionally similar amino acids are well known m the 
art For example, one exemplary guideline to select conservative substitutions includes (onginal 
residue followed by exemplary substitution): ala/gly or ser; arg/ lys; asn/ ghi or his; asp/glu; 
cys/ser; gln/asn; gly/asp; gly/ala or pro; his/asn or gin; ile/leu or val; leu/ile or val; lys/arg or ghi 
or glu- met/leu or tyr or ile; phe/met or leu or tyr; ser/thr; thr/ser; trp/tyr; tyr/tip or phe; vaVile or 
leu An alternative exemplary guideline uses the following six groups, each contaimng amino 
acids that are conservative substitiitions for one another: 1) Alanine (A), Serine (S), Threonme 
(T)- 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) Argimne (R). 
Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 6) Phenylalamne (F), 
Tyrosine (Y), Tryptophan (W); (see also, e.g., Creighton (1984) Proteins, W.H. Freeman and 
Company; Schulz and Schimer (1979) Principles of Protein Sti:uctiu-e, Springer-Verlag). One of 
skill in the art will appreciate that the above-identified substitiitions are not the only possible 
conservative substitiitions. For example, for some purposes, one may regard all charged ammo 
acids as conservative substitiitions for each other whether tiiey are positive or negative. In 
addition, individual substitiitions. deletions or additions tiiat alter, add or delete a smgle ammo 
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acid or a small percentage of amino acids in an encoded sequence can also be considered 
"conservatively modified variations." 

The terms "mimetio" and ■•peptidomimetic" refer to a synthetic chemical compound that 
has substantially the same structaral and/or fimctional characteristics of the polypeptides of the 
invention (e.g., ability to bind, or "capture," human antibodies in ^ ELISA). "me mimetic can 
be either entirely composed of synthetic, non-nabnal analogues of amino acids, or, rs a etamenc 
molecule of partly namral peptide amino acids and partly non-namral analogs of ammo acds. 
The mimetic can also incorporate any amount of natural ammo acid conservative subsbtuf ons as 
long as such substitutions also do not substantially alter the mimetics' sttucmre and/or activrty. 
As with polypeptides of the invention which are conservative variants, routine expemnentation 
will detetmine whether a mimetic is within the scope of the invention, i.e., that its structure 
and/or fimction is not substantially altered. Polypeptide mimetic compositions can contain any 
combimdon of non-namral strucmral components, which are typically from three stmcmral 
groups: a) residue lirJcage groups other than the namral amide bond ("peptide bond") linkages; b) 
non-namral residues in place of namrally occurring ammo acid residues; or c) residues whrch 
induce secondary strucmral mimicry, i.e., to induce or stabiUze a secondary structure, e.g.. abeta 
mm gamma mm, beta sheet, alpha helix conformation, and the like. A polypeptrde can be 
characterized as a mimetic when all or some of its tesidues are joined by chemical means other 
than namral peptide bonds. Individual peptidomimetic residues can be joined by peptide bonds, 
other chemical bonds or coupling means, such as, e.g., glutaraldehyde, N-hydroxysuce,mm.de 
esters biflmctional maleimides, N,N'-dicyclohexylcarbodiunide (DCC) or N,N'- 
diisopropylcarbodiimide (DIC). Linking groups that can be an alternative to the tiadttional 
amide bond ("peptide bond'") Imkages mclude, e.g., ketomethylene (e.g., -C(-0)-CH2- for - 
C(=0).NH-), aminomethylene (CH.-NH), ethylene, olefin (CH=CH), ether (Cft-O). thioether 
(CH^-S), tettazole (CN4-), Uiiazole, retroamide, flUoamide, or ester (see, e.g., Spatola (1983) m 
Chemistty and Biochemistry of Amino Acids, Peptides and Proteins, Vol. 7, pp 267-357, 
"Peptide Backbone Modifications," Marcell Dekker, NY). A polypeptide can also be 
charact^ized as a mimetic by containing all or some non-namral residues in place of namrally 
occurring amino acid residues; non-namral residues are weU described in ttte scientific and 
patent literature. 
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The term "pharmaceutical composition" refers to a composition suitable for 
pharmaceutical use in a subject. The pharmaceutical compositions of this invention are 
formulations that comprise a pharmacologically effective amount of a composition compnsmg, 
e g a nucleic acid (including, e.g., ribozymes, antisense oligonucleotides, and other inhibitory 
nucieic acid variations), a vector, or an antibody of the invention, and a pharmaceuttcally 
acceptable carrier. 

As used herein, the term "promoter" Includes all sequences capable of dnvmg 
transcription of a coding sequence in an expression system. Thus, promoters used m .he 
constructs of the invention include ^-acting transcriptional control element, and regulatory 
sequences that are involved in regulating or modulating the timing and/or rate of transcrrpuon of 
a nucleic acid of the invention. For example, a promoter can be a c«-acting transcnpfonal 
control element, including an enhancer, a promoter, a transcription termmator, an ongtn of 
replicadon, a chromosomal mtegration sequence. 5' ™d 3' untranslated regions, or an tntromc 
sequence, whichareinvolvedintr^scriptionalregulation. These ^-acting sequences typtcally 
interact mth proteins or other biomolecules to carry ouKtum on/off, regulate, modulate, etc.) 

transcription. 

As used herein, "recombinant" refers to a polynucleotide synthesized or otherwise 
manipulated ,„ v,V™ (eg., "recombinant polynucleotide"), to methods of using recombit^nt 
polynucleotides to produce gene products in cells or other biological systems, or to a polypepude 
("r^mbinantptotein-jencodedbyarecombinant polynucleotide. "Recombinant means" also 

encompass the ligaUon of nucleic acids having various coding regions or domains or promoter 
sequences from different sources into an expt^sion cassette or vector for expression of, e.g. . 
inducible or constitutive expression of polypeptide coding sequences in the vectors of mvention. 

As used herein, the "sequence" of anuclcic acid or gene refers to the order of nucleotides 
inthepolynucleotide, including cither or boti, strands (sense and antisense) of a double-strand^ 
DNA molecule, e.g., the sequence of both the coding strand and its complement, or of a smgle- 
stranded nucleic acid molecule (sen^ or antisense). For example, in alternative embodtments, 
promoters drive the transcription of sense and/or antisense polynucleotide sequences of the 
invention, as exemplified by SEQ ID N0:1, SEQ ID N0:3, SEQ ID N0:5, and SEQ ID N0:7. 

The tenns "identical" or percent "sequence identity," in flte context of two or more 
nucleic acids or polypeptide sequences, refer to ^vo or more sequences or subsequences that are 
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or have a specified pe™ of nuCeotides (or an,ino acid residues) *a. are U,e sa„,e, 
when compared and ahgned tor maximum correspondence over a comparison wmdow. as 
measured using one of Ure following se,uence comparison algorithms or by manual a^gnmem 
and visual inspection. Ms definition also refers to the complement (antisense strand of a 
sequence. For example, in alternative embodiments, nucleic acids within the s^pe of the 
Lltion^cludethosewithanucleotidesequenceidentitythatisatleast^a^^^^^^^^^^ 
about65%, at Ieastabout70%,atleas,about75%,atleast about SO%,atleast^a^^^^^^^ 
,...abou.90o/..andatleas.ab„ut95%oftheexemplaryse,ue..setforthmSEQ^ 

SEQ ID N0:3. SEQ N0:5. and SEQ m N0:7; or. SEQ E, N0:9 through SEQ m NO.^ 

M altemafive embodiments, polypeptides within the scope of the mvenfon .nc ude those 
wi.ha.aminoacidse,uenceidenfitythatisatleastabout60%.atle.tabout65%^atleast^^ 

70%,a,le.tabout75%,a.leas.aboutSO%.atleastabout85%.atleastabou.90o^^^^^^^^ 

aboJt 95% of the exemplar, se<,uences set forth in SEQ ID N0:2. SEQ ID N0:4. SEQ ID N0.6. 

"■'Torenceswiththeselevelsofidentityare-substantially identical" and wi.^ 

scope of the invention. Thus, if a nucleic acid sec,uence has the r«,uisite 
SEUNO:l.SEQIDNO.,SEQmNQ:5.orSEQIDNO:7.or,SEQIDNO:«^^^^^^ 

n> N0:14. or a subsequence thereof, it also is a polynucleotide sequence — .ope of the 

invention. If apolynucleofide sequence has the requisite sequence idenhty to SEQ IDN0.2. 

SEQ ID N0:4. SEQ ID N0:6. and SEQ ID N0:8. or a subsequence thereof, .t also .s a 

polypeptide within the scope of the invention. , . k 

TT,epercentidentitycanexistsoveraregionofflresequence4at>satleastabo„.25 

nucleotides or amino acid residues in length, or. alternatively, over a region that is at lea.t about 
50 to 100 nucleotides or amino acids in length. Parameters (including. wmdow srzes. gap 
penalties and the tte) to be nsed in calculating -percent sequence identities" be^^een two 
nucleic acids or polypeptides to identify and detennine whether one is within the scope of the 
invention are described in detail, below. H,mi™na 
m phrase "selectively (or specifically) hybridizes to" refers to the bmdmg. duplexrng, 
or hybridizingofamoleculetoaparticularnucleotide sequence under stringenthybridizatron 

conditions when that sequence is present in a complex mixture . total cellular or hb,^ 
DNAorRNA).whereintheparticnlaxnucleotide sequence is detected a. least a. aboutlOtrmes 



15 



1=5 



20 



mey Docket No. 07419-029001 
Client Ref. No. 00-228 



background. In one embodunent, a nucleic acid can be detennined to be wiUun *e scope of *e 
i„vIon(e.,is— aI.viden.ica,.oSEQIDNO:iAMr^o.SEQ|DNO:9^^^^^ 

SEO ID NO- 14) by iu abiUty to hybridize under stringent conditions to a nucletc actd otherwise 
determined to be within the scope of Ute invention (such as the exemplar sequences descnbed 

' '"""''The phrase "stringent hybridization conditions" refers to conditions under which a probe 
will primarily hybridize to its target subscuence. typically in a complex mixture of nudetc actd. 
but to no other sequences in significant amounts, is described in detail below. A posittve s,^al 
(eg., identification of a nucleic acid of the invention) is about 10 times background 

10 hybridization. 

r Nucleic Acids, Vectors and Primer Pairs 

I This invention provides novel nucleic acids for use in the diagnosis and treatment of 

Giant Cell Arthritis (GCA) and means to make and express those nucleic acids. As the genes 
' ' and vectors of the invention can be made and expressed ,« vi.o or in vivo, the invention provides 
for a variety of means of making and expressing these genes and vectors. One of skrll wtU 
recopuze that desired phenotypes associate with altered gene activity can be obtamed by 
modulating the expression or activity of the genes and nucleic acids (e.g.. promoters) wrthtn the 
vectors of the invention. Any of the known meftods described for increasing or decreasmg 
expressionoractivityc^mbeusedforthisinvention. The mvention can be practiced m 
conjunction with any metood or protocol known in the art. which are well described m the 
scientific and patent literature. 



General Techniques 

The nucleic acid sequences of the invention and other nucleic acids used to pracuce thrs 
invention, whether RNA, cDNA. genomic DNA. vectors, vuuses or hybrids thereof, may be 
isolated from a variety of sources, genetically engineer«l, amplified, and/or expressed 
recombmantly. Any recombinant expression system can be used, including, in addttton to 
bacterial cells, e.g., manunaUan, yeast, insect or plant cell expression systems. 
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Alternatively, these nucleic acids can be synthesized in vitro by well-known chemical 
synthesis techniques, as described in, e.g.. Caxruthers (1982) Cold Spring Harbor Symp. Quant. 
Bio, 47-41 1-418; Adams (1983) J. Am. Chem. Soc. 105:661; Belousov (1997) Nucleic Acds 
Res 25-3440-3444; Fre,*el (1995) Free Radic. Biol. Med. 19:373-380; Blommcrs (1994) 
Biochemistry 33:7886-7896; Narang (1979) Meth. Enzymol. 68:90; Brown (1979) Meth. 
Enzymol. 68:109; Beaucage (1981)Tetra. I^. 22:1859; U.S. PatentNo. 4,458,066. Double 
stranded DNA ftagments may then be obtained either by synthesizing the complementary strand 
and annealing the strands together under appropriate conditions, or by adding the complementary 
strand using DNA polymerase with an appropriate primer sequence. 

Techniques for the manipulation of nucleic acids, such as, e.g., generating mutations m 
sequences, subcloning, labeling probes, sequencing, hybridization and the like are well descnbcd 

in the scientific and patent literatitre. see. e.g.. Sambrook. cd., MOLECULAR ClON^g: a 
LABORATORVMANUAL(2NDEO.). Vols. 1-3. Cold SpringHaAorL^oratory,(1989);«T 

PROTOCOLS m MOLECULAR BIOLOGY, Ausubcl, cd. John Wiley & sons. Inc.. New York (1997); 
LABORATORVTECHNI0;BSINBlOCmMISTRVANDMOLECi;LARB.OLOOV:HVBRIDEA™NW™ 

NUCLEIC ACID PROBES. Part I. Theory and Nucleic Acid Preparation. Tijssen. ed. Elsevier, N.Y. 

(1993). ^ , 

Nucleic acids, vectors, capsids. polypeptides, and the like can be analyzed and quantified 
by any of a number of general means well known to those of skill in the art. These include, e.g., 
analytical biochemical methods such as NMR. spectrophotometiy, radiography, electrophoresis, 
capillary electrophoresis, high performance Uquid chromatography (HPLC). thm layer 
chromatography (TLC), and hyperdiffUsion chromatography, various mununological methods, 
e g fluid or gel precipitin reactions, immunodifiusion, immuno-electrophoresis. 
radioimmunoassays (RIAs), enzyme-linked immunosori,ent assays (ELISAs), immrnio- 
fluorescent assays. Southern analysis. Northern analysis, dot-blot analysis, gel electrophoresis 
(e g SDS-PAGE). RT-PCR. quantitative PCR. other nucleic acid or target or signal 
ampiification methods, radiolabeling, scintillation counting, and affinity chromatography. 
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Classical Diagnosis. Biopsies and MicrodissecHo«s of Arteritis Les,ons 

The invention pn,vides compositions and methods for isolating novel GCA-assoerated 
nucleic acids and polypepHdes within the scope of fl,e invention. A prefer«d source of such 
GCA-associated tissue is ftom arterids lesions. Temporal artery segments biopsied ftom the 
same individual can yield both normal and arteritis tissue samples. Histopatholo^cal analysts 
can confirm both "normal" and arteritis samples. 

In addition to die diagnostic methods provided by the invention. GCA dia^osis can be 
complemented by histopathologic analysis. The histopathology of a GCA lesion typically shows 
ctaonic granulomatous inftanmation, often with abnormally large multinucleated cells (grant 
cells) anddestructionoftheintemalelasticlaminaoftheartery. Chronic inflammaaon .s 
sometoes confined to the different branches of the heart's main artery (aorta) and any large 
arteries can become inflamed, nre temporal arteries of the head are most frequently affected 
(temporal arteritis). In rare cases, veins may also be affected by giant cell artentrs. 

Examination of the cellular inflammatory infiltrate in GCA lesions primarily reveals 
■ macrophages and CD4+T cells. Immunohistochemistry demonstrates the diffuse presence of 
IM or IL-1 P expressing CD68+ macrophages. CD68+ ceUs expKssing 72kD type IV 
collagenase and the inducible nitric oxide synthase (iNOS) are found in the intima and mUma- 
mediaofmeariery. 1. is interesting to note that B cells are inMuent in GCA lesions. Ustonal 
B cells and plasma cells are identified in GCA lesions by expression of CD20 and h^t cham 
respectively. These cells can be found in GCA-affected adventitia, both scattered and located m 
perivascular clusters, in the same tissue microenvironment as the antigenically-activated T cells, 
aese observations suggest that the arte^ is the site for antigenic encounter and suggest that 
GCA is mediated by antigen-specific pathogenic T cells. 

Clinical symptoms can also help diagnose GCA. The symptoms of GCA may mclude 
fatigue, malaise, weight loss, stifftess, muscle pain, fever, and/or headaches. Generalr^d 
muscle pain, claudication of the jaw or tongue, or localized scalp or temporal pain, swellmg, and 
tenderness are also common manifestations of GCA. Headache, usually temporal, is presort m 
about 66% of c^s. Headache usually begins early in the course of the disease and may be the 
presenting symptom. The pam is severe and localized to the temple. Scalp tenderness rs 
common The local vessels axe tekened, and tender . Occasionally they are visible. Vrsual 
disturbances have been seen in about 25 to 50% of cases. Blmdness is the most serrous and 
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irreversible feature of GCA, where it can be sudden, painless and permanent. Involvement of 
both eyes can occur. Blindness may be the initial clinical presentation of GCA. 

Neuro-ophthalmic complications include arteritic anterior ischemic optic neuropathy, 
posterior optic neuropathy, choroidal ischemia, diplopia, retinal arterial occlusions, and ocular 
ischemic syndromes and occur in up to 70% of GCA. Notably, it is estimated that 15 to 20% of 
patients with GCA suffer permanent and potentially bilateral visual loss from ischemic infarction 
ofthe optic nerve. 

Currently used methods to diagnosis GCA rely on an extracranial arterial biopsy that 
demonstrates a necrotizing vasculitis with mononuclear cell infiltration or granulomatous 
inflammation. Pathologic evidence of GCA in arterial biopsies can confirm the diagnosis but, 
because the arterial involvement is discontinuous and may show skip areas, a negative biopsy 
does not rule out GCA. Thus, in the absence of pathologic confirmation, diagnosis would rely 
on the presence of a constellation of non-specific signs or symptoms. However, the invention 
provides additional, more definitive diagnostic (and treatment) procedures. 

One exemplary means to biopsy! or isolate GCA lesions is by dissection with laser- 
capture microdissection (LCM). Either Lshly biopsied or archival pathology specimens of 
GCA-positive arteries from both histopaiologically involved and uninvolved areas. Because the 
vasculitis of GCA occurs in an irregular, i discontinuous pattern (the co-called "skip lesion"), 
isolation of one artery (or vein, if approprik) sample can yield both involved and uninvolved 
tissue samples. Retrieval of selected cells isVachieved by activation of a transfer fihn placed in 
contact with a tissue section, by a laser beamU or 60 micron diameter) that is focused on a 
selected area of tissue using an inverted microLpe. In LCM, a thermoplastic polymer coating 
(e.g., ethylene vinyl acetate) attached to a rigid Uport is placed in contact with a tissue section. 
The EVA polymer over microscopically selected cell clusters is precisely activated by a near- 
infrared laser pulse and bonds to the targeted area\ Removal ofthe EVA and its support from the 
tissue section procures the selected cell aggregatesW molecular analysis. A computer-confroUed 
arm can precisely position a 40-micron-wide strip o\a cylindrical EVA surface onto a sample 
with a light contact force. Techniques of laser-captu)fe microdissection are known in the art, e.g., 
the PixCell laser capture microdissection (LCM) systek see, e.g., Kohda (2000) Kidney Int. 
57:321-331; Goldsworthy (1999) Mol. Carcinog. 25:8d91; Banks (1999) Electrophoresis 
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20:689-700; Emmert-Buc^(1996) Science 274:998-1001; U.S. Patent Nos. 5,985,085; 
5,859,699. 

Hybridization for Identifying Nucleic Acids of the Invention 

Nucleic acids within )he scope of the invention include isolated or recombinant nucleic 
acids which specifically hybridkes to an exemplary nucleic acid of the invention. Stringent 
conditions are sequence-dependdat and will be different in different circumstances. Longer 
sequences hybridize specifically atHugher temperatures. An extensive guide to the hybridization 
of nucleic acids is found in Tijssen, Techniques in Biochemistry and Molecular Biology- 
Hybridization with Nucleic Probes, "oWrview of principles of hybridization and the strategy of 
nucleic acid assays" (1993). Generally, ^ngent conditions are selected to be about 5 to 10°C 
lower than the thermal melting point (Tmyfor the specific sequence at a defined ionic strength 
and pH. The Tm is the temperature (under defined ionic strength, pH, and nucleic acid 
concentration) at which 50% of the probes corimlementary to the target hybridize to the target 
sequence at equilibrium (as the target sequenceLre present in excess, at Tm, 50% of the probes 
are occupied at equilibrium). Stringent conditionWill be those in which the sah concentration is 
less than about 1.0 M sodium ion, typically about 0^01 to 1.0 M sodium ion concentration (or 
other salts) at pH 7.0 to 8.3 and the temperature is atteast about 30°C for short probes {e.g., 10 to 
50 nucleotides) and at least about 60°C for long probe^e.g., greater than 50 nucleotides). 
Stringent conditions may also be achieved with the additir)n of destabilizing agents such as 
formamide. 

For selective or specific hybridization, a positive signal (e.g., identification of a nucleic 
acid of the invention) is about 10 times background hybridization. "Stringent" hybridization 
conditions that are used to identify substantially identical nucleic acids within the scope of the 
invention include hybridization in a buffer comprising 50% formamide, 5x SSC, and 1% SDS at 
42°C, or hybridization in a buffer comprising 5x SSC and 1% SDS at 65°C, both with a wash of 
0.2x SSC and 0.1% SDS at 65°C. Exemplary "moderately stiingent hybridization conditions" 
include a hybridization in a buffer of 40% formamide, 1 M NaCl, and 1% SDS at 37°C, and a 
wash in IX SSC at 45°C. Those of ordinary skill will readily recognize that alternative but 
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comparable hybridization and wash conditions can be utiUzed to provide conditions of similar 
stringency. 

Nucleic acids which do not hybridize to each other under moderately stringent or 
stringent hybridization conditions are still substantially identical if the polypeptides which they 
5 encode are substantially identical. This may occur, e.g., when a copy of a nucleic acid is created 
using the maximum codon degeneracy permitted by the genetic code, as discussed herein (see 
discussion on "conservative substitutions"). 

However, the selection of a hybridization format is not critical - it is the stringency of the 
wash conditions that set forth the conditions which determine whether a nucleic acid is within 
10 the scope of the invention. Wash conditions used to identify nucleic acids within the scope of 

the invention include, e.g.: a salt concentration of about 0.02 molar at pH 7 and a temperature of 
1 at least about 50°C or about 55°C to about 60°C; or, a salt concentration of about 0.15 M NaCl 
1 at 72°C for about 15 minutes; or, a salt concentration of about 0.2X SSC at a temperature of at 
% least about 50°C or about 55°C to about 60°C for about 15 to about 20 minutes; or, the 

hybridization complex is washed twice with a solution with a saU concentration of about 2X SSC 
containing 0.1% SDS at room temperature for 15 minutes and then washed twice by O.IX SSC 
containing 0.1% SDS at 6%°C for 15 minutes; or, equivalent conditions. See Sambrook, Tijssen 
and Ausubel for a description of SSC buffer and equivalent conditions. 



y Amplification of Nucleic Acids 

The invention provides oligonucleotide primers that can ampUfy nucleic acid encoding 
GCA-associated nucleic acids. Thus, nucleic acids of the invention can be, e.g., subcloned or 
measured quantitatively using ampUfication techniques. Amplification can also be used to 
identify complementary GCA-associated nucleic acids in tissue biopsies (e.g., from arteritis 

25 lesions) or fluid (e.g., serum, whole blood, urine) samples to aid in the diagnosis or treatment of 
GCA (see below). 

Using the exemplary degenerate primer pair sequences of the invention (see below), the 
skilled artisan can select and design suitable oUgonucleotide amplification primers. 
Amplification methods are also well known in the art, and include, e.g., polymerase chain 
30 reaction, PCR (PCR PROTOCOLS, A GUIDE TO METHODS AND APPLICATIONS, ed. 
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Innis, Academic Press, N.Y. (1990) and PCR STRATEGIES (1995). ed. Innis, Academic Press, 
Inc., N.Y., ligase chain reaction (LCR) (see, e.g., Wu (1989) Genomics 4:560; Landegren (1988) 
Science 241:1077; Barringer (1990) Gene 89:117); transcription amplification (see, e.g., Kwoh 
(1989) Proc. Natl. Acad. Sci. USA 86:1173); and, self-sustained sequence replication (see, e.g., 

5 Guatelli (1990) Proc. Natl. Acad. Sci. USA 87:1874); Q Beta replicase amplification (see, e.g.. 
Smith (1997) J. Clin. Microbiol. 35:1477-1491), automated Q-beta replicase amplification assay 
(see, e.g.. Burg (1996) Mol. Cell. Probes 10:257-271) and other RNA polymerase mediated 
techniques {e.g., NASBA, Cangene, Mississauga, Ontario); see also Berger (1987) Methods 
Enzymol. 152:307-316; Sambrook; Ausubel; U.S. Patent Nos. 4,683,195 and 4,683,202; 

10 Sooknanan (1995) Biotechnology 13:563-564. A continuous amplification reaction method is 

described by, e.g., U.S. Patent No. 5,981,179. 
2 Once ampUfied, the libraries can be cloned, if desired, into any of a variety of vectors 

I using routine molecular biological methods; methods for cloning in vitro amphfied nucleic acids 
S are described, e.g., U.S. Pat. No. 5,426,039. To facilitate cloning of ampUfied sequences, 
l3 restriction enzyme sites can be "built into" the PCR primer pair. 

0 Degenerate Primer Design 
In alternative embodiments, primer pairs of the invention are also designed to selectively 

ampUfy new nucleic acid sequences found only in arteritis lesions and not in normal vasculature 

1 or other normal tissues. To amplify GCA-associated nucleic acids within the scope of the 
invention, degenerate primer pairs are designed based on the exemplary nucleic acids of the 
invention, e.g., SEQ ID N0:1, SEQ ID N0:3, SEQ ID N0:5, and SEQ ID N0:7; or, SEQ ID 
N0:9 through SEQ ID NO: 14. 

Paradigms to design degenerate primer pairs are well known in the art. For example, a 
25 COnsensus-DEgenerate Hybrid Oligonucleotide Primer (CODEHOP) strategy computer 

program is accessible as http://blocks.fhcrc.org/codehop.html, and is directly linked from the 
BlockMaker multiple sequence alignment site for hybrid primer prediction beginning with a set 
of related protein sequences, (see, e.g.. Rose (1998) Nucleic Acids Res. 26:1628-1635; Singh 
(1998) Biotechniques 24:318-319). 
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Means to synthesize oligonucleotide primer pairs, including degenerate primer pairs, are 
well known in the art. "Natural" base pairs or synthetic base pairs can be used. For example, 
use of artificial nucleobases offers a versatile approach to manipulate primer sequence and 
generate a more complex mixture of amplification products. Various famiUes of artificial 
nucleobases are capable of assuming multiple hydrogen bonding orientations through internal 
bond rotations to provide a means for degenerate molecular recognition. Incorporation of these 
analogs into a single position of a PGR primer allows for generation of a complex library of 
amplification products. See, e.g.. Hoops (1997) Nucleic Acids Res. 25:4866-4871. Nonpolar 
molecules can also be used to mimic the shape of natural DNA bases. A non-hydrogen-bonding 
shape mimic for adenine can replicate efficiently and selectively against a nonpolar shape mimic 
for thymine (see, e.g., Morales (1998) Nat. Struct. Biol. 5:950-954). For example, two 
degenerate bases can be the pyrimidine base 6H, 8H-3,4-dihydropyrimido[4,5-c][l,2]oxazin-7- 
one or the purine base N6-methoxy-2,6-diaminopurine (see, e.g., Hill (1998) Proc. Natl. Acad. 
Sci. USA 95:4258-4263). Exemplary primers of the invention can also mcorporate the 
nucleobase analog 5'-Dimethoxytrityl-N-benzoyl-2'-deoxy-Cytidine,34(2-cyanoethyl)-(N,N^ 

diisopropyl)]-phosphoramidite. This pyrimidine analog hydrogen bonds with purines, including 
A and G residues. 

Generating and Isolating Novel Nucleic Acids Derived from GCA Lesions 

The invention provides compositions and methods for identifying the GC A-associated 
nucleic acids of the invention in biopsies and tissue samples for diagnostic purposes and to 
identify new GCA associated nucleic acids and polypeptides. In addition using degenerate 
primers, as described above, subtractive hybridization of nucleic acids fi-om normal tissue against 
nucleic acids from arteritis tissue samples (e.g., firom biopsies) can be used to isolate GCA- 
associated nucleic acids within the scope of the invention. 

The isolation of nucleic acids may be accomplished by a number of techniques, all well 
known in the art. For instance, oUgonucleotide probes (e.g., PGR primers or hybridization 
probes) based on the sequences disclosed herein can be used to identify desired nucleic acids in a 
cDNA or a genomic DNA library. To construct genomic libraries, large segments of genomic 
DNA are generated by random fragmentation, e.g. using restriction endonucleases, and are 
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ligated with vector DNA to form concatemers that can be packaged into the appropriate vector. 
To prepare a cDNA Ubrary, mRNA is isolated ( e.g., from a GCA lesion biopsy), and a cDNA 
library containing sequences encoding GCA-associated polypeptides is prepared from the 
mRNA. The cDNA or genomic library can then be screened using a probe based upon the 
sequence of a cloned gene disclosed herein. Probes may be used to hybridize with genomic 
DNA or cDNA sequences to isolate homologous genes (new GCA associated sequences) or to 
diagnose GCA. As discussed herein, defined stringent hybridization conditions can be used to 
identify nucleic acid sequences within the scope of the invention. 

Alternatively, antibodies raised against a GCA-associated polypeptide (see below) can be 
used to screen a cDNA expression library. Alternatively, the nucleic acids of interest can be 
ampUfied from nucleic acid samples using ampUfication techniques. 

As noted above, subtractive hybridization of nucleic acid of normal from GCA-involved 
tissue is another exemplary means of isolating GCA-associated nucleic acid. Subtractive 
hybridization techniques are well known in the art, e.g., as micro-genomic representational 
difference analysis (RDA); see, e.g., Lisitsyn (1993) Science 259:946-951; Michiels (1998) 
Nucleic Acids Res. 26:3608-3610; Wan (1996) Nat. Biotechnol. 14:1685-1691; U.S. Patent Nos. 
6,013,437; 5,958,738; 5,935,788; 5,882,874; 5.525,471. 

Cloning and construction of expression vectors 

The invention provides libraries of expression vectors comprising the GCA polypeptide- 
encoding sequences of the invention. These nucleic acids may be introduced into a genome or 
into the cytoplasm or a nucleus of a cell and expressed by a variety of conventional techniques, 
well described in the scientific and patent literature. See, e.g., Roberts (1987) Nature 328:731; 
Berger (1987) supra; Schneider (1995) Protein Expr. Purif 6435:10; Sambrook. Tijssen or 
Ausubel. Product information from manufacturers of biological reagents and experimental 
equipment also provide information regarding known biological methods. The vectors can be 
isolated from natural sources, obtained from such sources as ATCC or GenBank libraries, or 
prepared by synthetic or recombinant methods. 

The nucleic acids of the invention can be expressed in expression cassettes, vectors or 
viruses which are stably or transiently expressed in cells (e.g.. episomal expression systems). 



24 



• ^kimey Docket No. 07419-029001 
Client Ref. No. 00-228 

Selection markers can be incorporated into expression cassettes and vectors to confer a selectable 
phenotype on transformed cells and sequences. For example, selection markers can code for 
episomal maintenance and replication such that integration into the host genome is not required. 
For example, the marker may encode antibiotic resistance (e.g., chloramphenicol, kanamycm, 

5 G418, bleomycin, hygromycin) or herbicide resistance (e.g., chlorosulfiu-on or Basta) to permit 
selection of those cells transformed with the desired DNA sequences (see. e.g., Blondelet- 
Rouault (1997) Gene 190:315-317; Aubrecht (1997) J. Pharmacol. Exp. Ther. 281:992-997). 
Because selectable marker genes conferring resistance to substrates like neomycin or 
hygromycin can only be utilized in tissue culture, chemoresistance genes can be used as 

10 selectable markers in vitro and in vivo. 



Alignment Analysis of Gene Sequences 

The nucleic acid sequences of the invention include genes and gene products identified 
and characterized by analysis using the exemplary nucleic acid and protein sequences of the 
invention, including, e.g., the exemplary SEQ ID N0:1 and SEQ ID N0:2; SEQ ID N0:3 and 
SEQ ID N0:4; SEQ ID N0:5 and SEQ ID N0:6; SEQ ID N0:7 and SEQ ID N0:8, respectively. 
For sequence comparison, typically one sequence acts as a reference sequence, to which test 
sequences are compared. When using a sequence comparison algorithm, test and reference 
sequences are entered into a computer, subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. Default program parameters are used 
unless alternative parameters are designated herein. The sequence comparison algorithm then 
calculates the percent sequence identity for the test sequence(s) relative to the reference 
sequence, based on the designated or default program parameters. A "comparison window", as 
used herein, includes reference to a segment of any one of the number of contiguous positions 
selected from the group consisting of from 25 to 600, usually about 50 to about 200, more 
usually about 100 to about 150 in which a sequence may be compared to a reference sequence of 
the same number of contiguous positions after the two sequences are optimally aligned. 

Methods of alignment of sequences for comparison are well-known in the art. Optimal 
aligmnent of sequences for comparison can be conducted, e.g., by the local homology algorithm 
of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology aUgmnent algorithm of 



15: 



20 



25 



30 



25 



imey Docket No. 07419-029001 
Client Ref. No. 00-228 



Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity method of 
Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444 (1988), by computerized 
implementations of these algorithms (CLUSTAL, GAP, BESTFIT, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, 
WI), or by manual alignment and visual inspection . 

In a preferred embodiment, CLUSTAL algorithm is used, particularly, the CLUSTAL W 
program, see, e.g., Thompson (1994) Nuc. Acids Res. 22:4673-4680; Higgins (1996) Methods 
Enzymol 266:383-402. Variations can also be used, such as CLUSTAL X, see Jeanmougin 
(1998) Trends Biochem Sci 23:403-405; Thompson (1997) Nucleic Acids Res 25:4876-4882 
CLUSTAL is a particularly preferred program for determining if sequences are so substantially 
identical they are within the scope of the invention because, if a comparison set consists of 
enough closely related sequences so that the first alignments are accurate, then CLUSTAL W 
will usually find an alignment that is very close to ideal. In one embodiment, the CLUSTAL W 
program described by Thompson (1994) supra, is used with the following parameters: K tuple 
(word) size: 1, window size: 5, scoring method: percentage, number of top diagonals: 5, gap 
penalty: 3, to determine whether a nucleic acid has sufficient sequence identity to an exemplary 
nucleic acid (SEQ ID NO: 1, 3, 5, or 7) to be with the scope of the invention. 

Another algorithm is PILEUP, which can be used to determine whether a nucleic acid has 
sufficient sequence identity to SEQ ID N0:1, 3, 5, or 7, or SEQ ID N0:9 through SEQ ID 
NO: 14, to be with the scope of the invention. This program creates a multiple sequence 
alignment fi-om a group of related sequences using progressive, pairwise alignments to show 
relationship and percent sequence identity. It also plots a tree or dendogram showing the 
clustering relationships used to create the alignment. PILEUP uses a simpHfication of the 
progressive alignment method of Feng & Doolittle, J. Mol. Evol. 35:351-360 (1987). The 
method used is similar to the method described by Higgins & Sharp, CABIOS 5:151-153 (1989). 
Using PILEUP, a reference sequence {e.g., an exemplary GCA-associated sequence of the 
invention) is compared to another sequence to determine the percent sequence identity 
relationship (i.e., that the second sequence is substantially identical and within the scope of the 
invention) using the following parameters: default gap weight (3.00), default gap lengtii weight 
(0.10), and weighted end gaps, hi one embodiment, PILEUP obtained from the GCG sequence 
analysis software package, e.g., version 7.0 (Devereaux(1984) Nuc. Acids Res. 12:387-395), 
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using the parameters described therein, is used to identify nucleic acids within the scope of the 
invention. 

Another example of la algorithm that is suitable for determining percent sequence 
identity (i.e., substantial similW or identity) in this invention is the BLAST algorithm, which is 
described in Altschul (1990) J. Vo/. Biol. 215:403-410. Software for performing BLAST 
analyses is publicly available thrbugh the National Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring sequence 
pairs (HSPs) by identifying short Words of length W in the query sequence, which either match 
or satisfy some positive-valued threshold score T when aUgned with a word of the same length in 
a database sequence. T is referred tb as the neighborhood word score threshold (Altschul (1990) 
□ supra). These initial neighborhood \ord hits act as seeds for initiating searches to find longer 
fi HSPs containing them. The word hitLre then extended in both directions along each sequence 
1 for as far as the cumulative aUgnment Lore can be increased. Cumulative scores are calculated 
S using, for nucleotide sequences, the parLeters M (reward score for a pair of matching residues; 
}| always > 0) and N (penalty score for misWching residues, always < 0). For amino acid 

sequences, a scoring matrix is used to calculate the cumulative score. Extension of the word hits 
£ in each direction are halted when: the cumilative aUgnment score falls off by the quantity X 
t from its maximum achieved value; the cumMative score goes to zero or below, due to the 
S accumulation of one or more negative-scorirL residue aUgnments; or the end of either sequence 
1 is reached. The BLAST algorithm parameterl W, T, and X determine the sensitivity and speed 
of the aUgnment. In one embodiment, to deteAiine if a nucleic acid sequence is within the scope 
of the invention, the BLASTN program (for nucleotide sequences) is used incorporating as 
defaults a wordlength (W) of 1 1 , an expectation of 10, M=5, N=4, and a comparison of both 
strands. For amino acid sequences, the BLASTP brogram uses as default parameters a 
25 wordlength (W) of 3, an expectation (E) of 10, ancLhe BLOSUM62 scoring matrix (see, e.g., 
Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:109\5). 

Exemplary GCA-Associated Nucleic Acids and Polypeptides 

The invention provides novel GCA-associated nucleic acids and polypeptides. AU 
30 possible polypeptides encoded by these nucleic acids are within the scope of the invention, 
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including alterative in-frame ORFs and ORFs read from either strand (e.g., including the 
complementary strand). For example: 



>GCA la = 1C.T7 cloned sequence of GCAl and deduced protein sequence 

1 - GATCeCCGCTTTCGCGGGGATGACAGCGGTACTCAATTCACGCGCAGCGATGCCAGCGAA - 60 

61 - CTAAACGGAGGATCTCACGAACATCCGCTCCAACCCCGACACCACGCTCCCCGCCGTCAC - 120 

L P A V T 

121 - GACAGGCTCGCTGCCCTCCTCGCGCAAGTTCTTTGCAATCCCTGAGGCCGCGCCCGACAT - 180 
-TGSLPSSRKFFAIPEAAPDI 

181 - CCGCGTTCCCTTGCGCGAGATCATCCTGTCCGAGGGCGCCGGCGAGCCGAACCTGCCGGT - 240 
-RVPLREIILSEGAGEPNLPV 

241 - CTATGACACCTCGGGCCCCTACACCGATCCGGCCGTGACGATCGACGTCAACAGCGGCCT - 300 
-YDTSGPYTDPAVTIDVNSGL 

301 - GCCGCGCAATCGCCTCGCCTGGGTCAAGGAACGCGGCGGCGTCGAGGAATATCAGGCCGC - 360 
- PRNRLAWVKERGGVEEYQAA 

361 - ACCATCAAGCCGGAGGACAACGGCAATGTCGGCGCATCCCACGCCGCCAAGGCGTTCACC - 420 
-PSSRRTT SEQ ID N0:2 

421 - GGCACCACAAGCCGCTGCGCGGCTCGACGGCACAAGATCACCCACTCGAGTTCGCCGCGC - 480 
481 - CGGCATTATACCAAGGAGATGATCTACGTCGCCGAGCGTGAGAATCTTGGCGCAAGCAGC - 54 0 
541 - AGCTGAGCGCGCCGAGGCCGGCTGCCGACGGAAGAGTTTTGGCGCCGCGGTGCCGGCTTA - 600 
601 - TTACGCCGGAATTTGTCGCAAGAGATCGCGCGGCGGCCATTATTTCCTTTAAAATTAACA - 660 
661 - TTGCCGAGCTTGAACCGATGAA - 682 SEQ ID N0:1 

GCAl a: full length clone 

GATCCCCGCTTTCGCGGGGATGACAGCGGTACTCAATTCACGCGCAGCGA -50 

TGCCAGCGAACTAAACGGAGGATCTCACGAACATCCGCTCCAACCCCGAC -100 

ACCACGCTCCCCGCCGTCACGACAGGCTCGCTGCCCTCCTCGCGCAAGTT -150 

CTTTGCAATCCCTGAGGCCGCGCCCGACATCCGCGTTCCCTTGCGCGAGA -200 

TCATCCTGTCCGAGGGCGCCGGCGAGCCGAACCTGCCGGTCTATGACACC -250 

TCGGGCCCCTACACCGATCCGGCCGTGACGATCGACGTCAACAGCGGCCT -300 

GCCGCGCAATCGCCTCGCCTGGGTCTyVGGAACGCGGCGGCGTCGAGGAAT - 3 5 0 

ATCANGGCCGCACCATCAAGCCGGAGGACAACGGCAATGTCGGCGCATCC -400 

CACGCCGCCAAGGCGTTCACCGNGCACCACAAGCCGCTGCGCGGNCTCGA -4 50 

CGGCACAAGATCACCCACTCGAGTTCGCCGCGCCGGCATTATACCAAGGA -500 

GATGATCTACGTCGCCGAGCGTGAGAATCTTGGNCGCAAGCAGCAGCTNG -550 

AGCGCGCCGANGGCCGGCTNGCCGACGGNAAGAGTTTTGGCGCCGCGGTG -600 

CCGGNCTTNATTACGCCGGAATTTGTNCGCAANGAGATCGNCGCGGNCGN -700 
GCCATTATraOZO'TaeNAAAATTAANCATTGCCGAGCTTGAACCGATGAAN 
N -701<^W'4S''^:1 
\ 
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Cloned fragment of GCA la used in GCA la-GST fusion protein 

1 - CTCCCCGCCGTCACGACAGGCTCGCTGCCCTCCTCGCGCAAGTTCTTTGCAATCCCTGAG - 60 

- LPAVTTGSLPSSRKFFAIPE 

5 61 - GCCGCGCCCGACATCCGCGTTCCCTTGCGCGAGATCATCCTGTCCGAGGGCGCCGGCGAG - 120 

_ aRPDIRVPLREIILSEGAGE 
121 - CCGAACCTGCCGGTCTATGACACCTCGGGCCCCTACACCGATCCGGCCGTGACGATCGAC - 180 

_ PNLPVYDTSGPYTDPAVTID 
181 - GTCAACAGCGGCCTGCCGCGCAATCGCCTCGCCTGGGTCAAGGAACGCGGCGGCGTCGAG - 240 
10 _vNSGLPRNRLAWVKERGGVE 
241 - GAATATCAGGCCGCACCATCAAGCCGGAGGACAACGGC - 278 

- EYQAAPSSRRTT SEQID NO:2 

X3CA lb = lcT3 cloned sequence of GCAl and deduced protein sequence 

1 - ACTCTCCAGCCTCTCACCGAGGATGAAGTCGGCTCGTGAAGTGGTTGCGGTCGGGGGCAA - 60 
_LSSLSPRMKSAREVVAVGGK 

61 - AACCCGGGACGAGCTGGCCTTCCTGCCGGCCGCCCTCGAAATTGTCGAGACGCCGCCATC - 120 
20 -TRDELAFLPAALEIVETPPS 

180 



121 - TCCCACCGCGAGACTCACGGCCGCCTTGCTTGCTGCCTTGTTCTACTGCGCCGTGGCGTG 
-PTARLTAALLAALFYCAVAW 

181 - GGCGGGTCTCGGCAGGATCGACATCGTTGCTTCTGCATCCAGAAAGATCGTGCCGGGCGA - 240 
-AGLGRIDIVASASRKIVPGD 

lii 241 - CCGTGTAAAGCTGGTTCAGCCGCTCGAGGTCGGCGTGGTGCGGGCCACTCATGTCCGCGA - 300 

Cji _RVKLVQPLEVGVVRATHVRD 

^ 301 - TGGCCAAACCGTCAAGGCCGGCGAGATTCTGATCGAGCTGGATCCATTCGCGGGTGGTGT - 360 

=^ _GQTVKAGEILIELDPFAGGV 

C 361 - GGATGTTGCGCCCCGTCAGAGGTCCATCACGGTGTCGGCGCCCCACGGATCGCCACACCA - 420 

P - D V A T SEQ ID NO: 4 

1 421 - TCrrGTCGACCTrrcrrCACCGACGAGTCACCGCCGAGTTGCCGATATTGCGTGATCTTA - 480 

y 48 1 - TCAGAATGCGGCGATG ATCAT - 50 1 SEQ ID NO:3 

GCAlb: fulllength clone 

ACTCTCCAGCCTCTCACCGAGGATGAAGTCGGCTCGTGAAGTGGTTGCGG -50 

TCGGGGGCAAAACCCGGGACGAGCTGGCCTTCCTGCCGGCCGCCCTCGAA -100 

ATTGTCGAGACGCCGCCATCTCCCACCGCGAGACTCACGGCCGCCTTGCT -150 

TGCTGCCTTGTTCTACTGCGCCGTGGCGTGGGCGGGTCTCGGCAGGATCG -200 

ACATCGTTGCTTCTGCATCCAGAAAGATCGTGCCGGGCGACCGTGTAAAG -250 

CTGGTTCAGCCGCTCGAGGTCGGCGTGGTGCGGGCCACTCATGTCCGCGA -300 

TGGCCAAACCGTCAAGGCCGGCGAGATTCTGATCGAGCTGGATCCATTCG -350 

CGGGTGGTGTGGATGTTGCGCCCCGTCNAGAGGTCCATCACGGTGTCGGC -4 00 

GCCCCANCGGATCGCCACACCATCTTGTCGACCTNTTCTTCACCGACGAN -4 50 

GTCACCGCCGAGTTGCCGATATJ^GK^^MCTTANTCANGAANNTGCGG -500 

50 NCGATGATCAT -511^'^mTD"l^-^ 
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Cloned fragment of GCA lb used in GCA lb-GST fusion 

1 - CTCTCCAGCCTCTCACCGAGGATGAAGTCGGCTCGTGAAGTGGTTGCGGTCGGGGGCAAA - 60 
-LSSLSPRMKSAREVVAVGGK 
5 61 - ACCCGGGACGAGCTGGCCTTCCTGCCGGCCGCCCTCGAAATTGTCGAGACGCCGCCATCT - 120 

TRDELAFLPAALEIVETPPS 
121 - CCCACCGCGAGACTCACGGCCGCCTTGCTTGCTGCCTTGTTCTACTGCGCCGTGGCGTGG - 180 

PTARLTAALLAALFYCAVAW 
181 - GCGGGTCTCGGCAGGATCGACATCGTTGCTTCTGCATCCAGAAAGATCGTGCCGGGCGAC - 240 
10 AGLGRIDIVASASRKIVPGD 

241 - CGTGTAAAGCTGGTTCAGCCGCTCGAGGTCGGCGTGGTGCGGGCCACTCATGTCCGCGAT - 300 

RVKLVQPLEVGVVRATHVRD 
301 - GGCCAAACCGTCAAGGCCGGCGAGATTCTGATCGAGCTGGATCCATTCGCGGGTGGTGTG - 360 
GQTVKAGEILIELDPFAGGV 
15 361 - GATGTTGCGC - 370 

D V A SEQ ID NO: 4 



> GCA 14 - Cloned Sequence of GCA14 and deduced protein sequence 

1 - ACCGACGTCGACTATCCATGAACGGATCCCTGCAACGACATCGTGCGTACGGCCTATGAA - 60 

DPCNDIVRTAYE 



£ 61 - GCGCTCGCCGCCGTGCTCGGTGGCACGCAGTCGCTCCACACCAACTCGTTCGACGAGGCG - 120 

^ -ALAAVLGGTQSLHTNSFDEA 

;;t: 121 - atcgcgctgccgattgacttctccgcccggatcgcccgcaacaccagctgatccagcagc - I80 

Ul -lALPIDFSARIARNTS* SEQ ID NO: 6 

181 - acgagacagacgtcacggacgcggtcgacactctggcggggtcctactacgtggagcgcc - 240 
L, 241 - tgacggatgacctcgccaagcgggcctgggagctgatggaagaggtcgagaagatgggtg - 300 

:= 301 - gcatggcgcaggcgatcgcgaccggttggccgaagcgcctgatcgagcaatctgcgacgc - 360 

m 

jvi. 361 - aaaagcaggccgcgatcgatcgcggcgatcaggtgatcgtgggcgtgaaccgctaccggc - 420 

^ 421 - CCGAACAGGAGCAACCGATCGACATTATTGAGATCGACAACTCGACGGTTCGGGCCTCCC - 480 

40 481 - AGATCCGGTGTCTCGCCGAAATCGAAAAGGCGCGTGATTCAAGGAAGGTTGAGTCCGCGC - 540 

541 - TCGGGGAGCTGGCGTGTATTGCCCGCACGGGTGAGGGAAATCTGCTGGCTGCAGCGACCG - 600 

601 - AGCCCGCTCGCGCGCGGGCTACCGTCGGGGAGATGTCCGACGCCATGCGGCAAGCATTCG - 660 

45 

661 - GCGACCACGAGGCGGTGCCGGAGGTAGTGTCGGACGTTTACGGCCGTGCCTATGGCACGG - 720 

721 - ATCCGTTCATGGATAGTCGACGTCGGT - 747 SEQ ID NO: 5 

50 
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Cloned fragment of GCA14 used in GCA 14-GST fusion 

1 - GATCCCTGCAACGACATCGTGCGTACGGCCTATGAAGCGCTCGCCGCCGTGCTCGGTGGC - 60 
-DPCNDIVRTAYEALAAVLGG 
61 - ACGCAGTCGCTCCACACCAACTCGTTCGACGAGGCGATCGCGCTGCCGATTGACTTCTCC - 120 
-TQSLHTNSFDEAIALPIDFS 
121 - GCCCGGATCGCCCGCAACACCAGCTGAATCTCCAGCAGCACGAGACAGACGTCACGGACG - 180 

-AR IARNTS* SEQ ID NO: 6 
181 - CGGTCGACACTCTGGCGGGGTCCTACTACGTGGAGCGCCTGACGGATGACCTCGCCAAGC - 240 

241 - GGGCCTGGGAGCTGATGGAAGAGGTCGAGAAGATGGGTGGCATGGCGCAGGCGATCGCGA - 300 

301 - CCGGTTGGCCGAAGCGCCTGATCGAGCAATCTGCGACGCAAAAGCAGGCCGCGATCGATC - 360 

361 - GCGGCGATCAGGTGATCGTGGGCGTGAACCGCTACCGGCCCGAACAGGAGCAACCGATCG - 420 

421 - ACATTATTGAGATCGACAACTCGACGGTTCGGGCCTCCCAGATCCGGTGTCTCGCCGAAA - 480 

481 - TCGAAAAGGCGCGTGATTCAAGGAAGGTTGAGTCC - 515 SEQ ID NO: 5 

GCA17 cloned total sequence and deduced protein sequence 

1 - ACTCTCCAGCCTCTCACCGAGGATCATCGACGACATTAAGCAGCTGGCCGACAACGGCGT - 60 

IIDDIKQLADNGV 

61 - GCGCGAATTCACGCTGATCGGACAGAATGTCAACGCCTACCACGGCGGAGGGCCCGACGG - 120 
-REFT. LIGQNVNAYHGGGPDG 

121 - CCGCGTCTGGCCGCTCGGCAAATTGCTGCAGCGACTCGCGGACATTCCAGGCGTCATGCG - 180 
-RVWPLGKLLQRLADIPGVMR 

181 - GCTGCGTTATTCGATCAGCCATCCGCGCGACGTCGACGACAGCCTGATCGCCGCGCATCG - 240 
-LRYSISHPRDVDDSLIAAHR 

241 - CGATTTGCCCGGACTGATGCCGTTCGTGCACCTGCCGGTGCAATCGGGGGCGGACCGGAT - 301 
_DLPGLMPFVHLPVQSGADSEQID N0:8 

301 - C - 301 SEQ ID NO: 7 

Cloned fragment of GCA17 used in GCA17-GST Fusion protein 

1 - ATCATCGACGACATTAAGCAGCTGGCCGACAACGGCGTGCGCGAATTCACGCTGATCGGA - 60 

-IIDDIKQLADNGVREFTLIG 
61 - CAGAATGTCAACGCCTACCACGGCGGAGGGCCCGACGGCCGCGTCTGGCCGCTCGGCAAA - 120 

-Q NVNAYHGGGPDGRVWPLGK 
121 - TTGCTGCAGCGACTCGCGGACATTCCAGGCGTCATGCGGCTGCGTTATTCGATCAGCCAT - 180 

-LLQRLADIPGVMRLRYSISH 
181 - CCGCGCGACGTCGACGACAGCCTGATCGCCGCGCATCGCGATTTGCCCGGACTGATGCCG - 240 

-PRDVDDSLIAAHRDLPGLMP 
241 - TTCGTGCACCTGCCGGTGCAATCGGGGGCGGACCG - 275 SEQ ID NO: 7 

-FVHLPVQSGAD SEQ ID NO: 8 
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?r?rrGTOTCcSAAa}TCATATrGGGTCGCAGCACTG^ -350 

ctctSS^gacSaanc^^^^ 

gItgmacaccgtctcaacgggtaccgtgtcnaggggancatttac^^^ 
ggIa^Scattcga^^^ 

CTrrSSraATAWcACGTC^^ 
TGGNCGTAANTNTTTNGAAN-620 SEQIDN0:9 

5>3' GCA2a Frame 1 

actctccancctctcaccgaggatcagaataggtgaagagcgaagacaccgagaacgtct 

TLXPLTEDQNR-RAKTPRTS 
ggccttgaacggacagcgtgcttgagttggtcggggtcaccaccggacccgtgtccaccg 

GLERTACLSWSGSPPDPCPP 
gcgcagtcacngtgaaagcacttgaccatgatcccagacggtgccgtcatccgcgcggac 
aqsx-khltmipdgavirad 
ccacancgtntccgcgcccgaccggattgatagctcagcgacaccagctgggctgccgtg 

PXRXRARPD- -LSDTSWAAV 
acgtanttgtgctggttnggtgcaagtgccaccccgctcaagacaaantggccgcacctg 

TXLCWXGASATPLKTXWPHL 
tgcccgtgtcccaaacgtcatattgggtcgcagcactgtcgaacggatcactgtangtgc 

CPCPKRHIGSQHCRTDHCXC 
acagcgacnaanccgcatanctctngccgtggggcgcaacgatgttnnacaccgtctcaa 

TAXXPHXSXRGAQRCXTPSQ 
cgggtaccgtgtcnaggggancatttacngggaaagcattcgaccactcccccacaccgt 

RVPCXGXH.LXGKHSTTPPHR 
gcccgcatttgcgccgattcctttcattgatatgtccacgtcggtnggnctttaagcngg 

ARICADSFH-YVHVGXXLSX 
cggcaaccgcggtgnagctncactttttgttccttttattganggttaatttgcgcgctt 
RQPRXSX-'^ «P Y-XLICAL 



tggncgtaantntttngaan^ 
W X - X F X 
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5'3» GCA2a Frame 2 

actctccancctctcaccgaggatcagaataggtgaagagcgaagacaccgagaacgtctg 

LSXLSPRIRIGEERRHRERL 
gccttgaacggacagcgtgcttgagttggtcggggtcaccaccggacccgtgtccaccgg 

ALNGQRA-VGRGHHRTRVHR 
cgcagtcacngtgaaagcacttgaccatgatcccagacggtgccgtcatccgcgcggacc 

RSHXEST-P-SQTVPSSART 
cacancgtntccgcgcccgaccggattgatagctcagcgacaccagctgggctgccgtga 

HXXSAPDRIDSSATPAGLP- 
cgtanttgtgctggttnggtgcaagtgccaccccgctcaagacaaantggccgcacctgt 

RXCAGXVQVPPRSRQXGRTC 
gcccgtgtcccaaacgtcatattgggtcgcagcactgtcgaacggatcactgtangtgca 

ARVPNVILGRSTVERITVXA 
cagcgacnaanccgcatanctctngccgtggggcgcaacgatgttnnacaccgtctcaac 

QRXXRIXXAVGRNDVXHRLN 
gggtaccgtgtcnaggggancatttacngggaaagcattcgaccactcccccacaccgtg 

GYRVXGXIYXESIRPLPHTV 
cccgcatttgcgccgattcctttcattgatatgtccacgtcggtnggnctttaagcnggc 

PAFAP I P F IDMSTS XXL - XG 
ggcaaccgcggtgnagctncactttttgttccttttattganggttaatttgcgcgcttt 
GNRGXAXLFVPFIXG-FARF 

ggncg t aant nt 1 1 ngaan . 



X R X X X E 
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5 '3' GCA2a Frame 3 

actctccancctctcaccgaggatcagaataggtgaagagcgaagacaccgagaacgtctgg 

SPXSHRGSE-VKSEDTENVW 
ccttgaacggacagcgtgcttgagttggtcggggtcaccaccggacccgtgtccaccggc 

P-TDSVLELVGVTTGPVSTG 
gcagtcacngtgaaagcacttgaccatgatcccagacggtgccgtcatccgcgcggaccc 

AVXVKALDHDPRRCRHPRGP 
acancgtntccgcgcccgaccggattgatagctcagcgacaccagctgggctgccgtgac 

TXXPRPTGLIAQRHQLGCRD 
gtanttgtgctggttnggtgcaagtgccaccccgctcaagacaaantggccgcacctgtg 

VXVLVXCKCHPAQDKXAAPV 
cccgtgtcccaaacgtcatattgggtcgcagcactgtcgaacggatcactgtangtgcac 

PVSQTSYWVAALSNGSLXVH 
agcgacnaanccgcatanctctngccgtggggcgcaacgatgttnnacaccgtctcaacg 

SDXXAXLXPWGATMXXTVST 
ggtaccgtgtcnaggggancatttacngggaaagcattcgaccactcccccacaccgtgc 

GTVXRGXFXGKAFDHSPTPC 
ccgcatttgcgccgattcctttcattgatatgtccacgtcggtnggnctttaagcnggcg 

P H L R.R FLSLICPRRXXFKXA 
gcaaccgcggtgnagctncactttttgttccttttattganggttaatttgcgcgctttg 

ATAVXXHFLFLLLXVNLRAL 





frney Docket No. 07419-029001 
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3'5» GCA2a Frame 1 

nttcnaaananttacgnccaaagcgcgcaaattaaccntcaataaaaggaacaaaaagtg 

XXXXYXQSAQINXQ-KEQKV 
nagctncaccgcggttgccgccngcttaaagnccnaccgacgtggacatatcaatgaaag 

XXHRGCRXLKXXPTWTYQ-K 
gaatcggcgcaaatgcgggcacggtgtgggggagtggtcgaatgctttcccngtaaatgn 

ESAQMRARCGGVVECFPXKX 
tcccctngacacggtacccgttgagacggtgtnnaacatcgttgcgccccacggcnagag 

S ^PXHGTR-DGXXHRCAPRXE 
ntatgcggnttngtcgctgtgcacntacagtgatccgttcgacagtgctgcgacccaata 

XCXXVAVHXQ-SVRQCCDPI 
tgacgtttgggacacgggcacaggtgcggccantttgtcttgagcggggtggcacttgca 

- RLGHGHRCGXFVLSGVALA 
ccnaaccagcacaantacgtcacggcagcccagctggtgtcgctgagctatcaatccggt 

XNQHXYVTAAQLVSLSYQSG 
cgggcgcgganacgntgtgggtccgcgcggatgacggcaccgtctgggatcatggtcaag 

RARXXCGSARMTAPSGIMVK 
tgctttcacngtgactgcgccggtggacacgggtccggtggtgaccccgaccaactcaag 

CFHXDCAGGHGSGGDPDQLK 
cacgctgtccgttcaaggccagacgttctcggtgtcttcgctcttcacctattctgatcc 

HAVRSRPDVLGVFALHLF - S 




35 





mey Docket No. 07419-029001 
Client Ref. No. 00-228 



3 '5' GCA2a Frame 2 

nttcnaaananttacgnccaaagcgcgcaaattaaccntcaataaaaggaacaaaaagtgn 

FXXXTXKARKLTXNKRNKKX 
agctncaccgcggttgccgccngcttaaagnccnaccgacgtggacatatcaatgaaagg 

SXTAVAAXLKXXRRGHINER 
aatcggcgcaaatgcgggcacggtgtgggggagtggtcgaatgctttcccngtaaatgnt 

NRRKCGHGVGEWSNAFXVNX 
cccctngacacggtacccgttgagacggtgtnnaacatcgttgcgccccacggcnagagn 

PXD.TVPVETVX NIVAPHGXX 
tatgcggnttngtcgctgtgcacntacagtgatccgttcgacagtgctgcgacccaatat 

YAXXSLCXYSDPFDSAATQY 
gacgtttgggacacgggcacaggtgcggccantttgtcttgagcggggtggcacttgcac 

DVWDTGTGAAXLS - AGWHLH 
cnaaccagcacaantacgtcacggcagcccagctggtgtcgctgagctatcaatccggtc 

XTSTXTSRQPSWCR-AINPV 
gggcgcgganacgntgtgggtccgcgcggatgacggcaccgtctgggatcatggtcaagt 

GRGXXVGPRG-RHRLGSWSS 
gctttcacngtgactgcgccggtggacacgggtccggtggtgaccccgaccaactcaagc 

AFXVTAPVDTGPVVTPTNSS 
acgctgtccgttcaaggccagacgttctcggtgtcttcgctcttcacctattctgatcct 

TLSVQGQTFSVSSLFTYSDP 



cggtgagaggntggagagt 



R 



E X G E, 
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3-5' GCA2a Frame 3 

nttcnaaananttacgnccaaagcgcgcaaattaaccntcaataaaaggaacaaaaagtgna 

X KXLXPKRAN-XSIKGT KSX 
gctncaccgcggttgccgccngcttaaagnccnaccgacgtggacatatcaatgaaagga 
AXPRLPXA - X.X TDVDISMKG 

atcggcgcaaatgcgggcacggtgtgggggagtggtcgaatgctttcccngtaaatgntc 

I GANAGTVWGS GRMLSX - MX 
ccctngacacggtacccgttgagacggtgtnnaacatcgttgcgccccacggcnagagnt 

PXTRYPLRRCXTSLRPTXRX 
atgcggnttngtcgctgtgcacntacagtgatccgttcgacagtgctgcgacccaatatg 

MRXXRCAXTVIRSTVLRPNM 
acgtttgggacacgggcacaggtgcggccantttgtcttgagcggggtggcacttgcacc 

TFGTRAQVRPXCLERGGTCT 
naaccagcacaantacgtcacggcagcccagctggtgtcgctgagctatcaatccggtcg 

XPAQXRHGSPAGVAELSIRS 
ggcgcgganacgntgtgggtccgcgcggatgacggcaccgtctgggatcatggtcaagtg 

GAXTXWVRADDGTVWDHGQV 
ctttcacngtgactgcgccggtggacacgggtccggtggtgaccccgaccaactcaagca 

LSX-LRRWTRVRW-PRPTQA 
cgctgtccgttcaaggccagacgttctcggtgtcttcgctcttcacctattctgatcctc 
RCPFKARRSRCLRSSPIIilL 

ggtgagaggntggagagt 
G E R X E S, 



- 50 
-100 
-150 
-200 
-250 



GCA3b 

GATCCGACCAGCAATCAGGCGGAGCTGCAGCACCTGAAAAACGACCTTCT 
CTCGGCACTGCTGGGTATTTCACGCAACCGCTCTGCGCTTGGCGGGAAAC 
ACCGACGCGCTTGAAGGCTTACCGGACGACACGCCGCCAGCCTTGATTCG 
AATGCATCTGGAGTACTTGCGCAGTCAGGATTCCGAGCAGCGCGCCAAGC 
TGTCCGAACTGGATCAGCAACGGGTGCAGAAGGTCGCGGAGACCAGGACG 
ATCGACGCCAGCATCGCGAAGATTGAAGCTTTGCTGCGGTGCTGCAGGAN -300 
CGGGTCGGGGTTCGCAAGTACCTGGCGGACAGGGAGTACGGCTCAAAGCT -350 
GCAATATTCGCAGGAACTCCAGGAACTGGTCGGGATGCAGCAGGACATCC - 4 0 0 
TGGTGCAACGGAGCAAAGCTCGAGGAAACCAATGCGGNTTGTCGCCGCAC -4 50 
TTCGACGAAAACCCGCGGNAAGCTTCGTCTNNGAATAACCGGCACCCGNC -500 
TGTTCCNACGATCTTGGCCCAAGGGGACGCAAAAAAGGGCCGGCAAGNCC -550 
TCAAAGGACCAAGGGNGTTTTAAAANCCGAGCACCCGGGACCCAACCTTT -600 
AAAAANCNTTGGCGGCCCCCATTCGACGGNGTGGNGGCAACAAATTGGGC -650 
CGNGCCCCATTT -662 SEQ ID NO: 10 
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5'3' GCA3b Frame 1 

gatccgaccagcaatcaggcggagctgcagcacctgaaaaacgaccttctctcggcactg 

DPTSNQAELQHLKNDLLSAL 
ctgggtatttcacgcaaccgctctgcgcttggcgggaaacaccgacgcgcttgaaggctt 

LGISRNRSALGGKHRRA-RL 
accggacgacacgccgccagccttgattcgaatgcatctggagtacttgcgcagtcagga 

TGRHAASLDSNASGVLAQSG 
ttccgagcagcgcgccaagctgtccgaactggatcagcaacgggtgcagaaggtcgcgga 

FRAARQAVRTGSATGAEGRG 
gaccaggacgatcgacgccagcatcgcgaagattgaagctttgctgcggtgctgcaggan 

DQDDRRQHRED-SFAAVLQX 
cgggtcggggttcgcaagtacctggcggacagggagtacggctcaaagctgcaatattcg 

RVGVRKYLADREYGSKLQYS 
caggaactccaggaactggtcgggatgcagcaggacatcctggtgcaacggagcaaagct 

QELQELVGMQQDILVQRSKA 
cgaggaaaccaatgcggnttgtcgccgcacttcgacgaaaacccgcggnaagcttcgtct 

RGNQCXLSPHFDENPRXASS 
nngaataaccggcacccgnctgttccnacgatcttggcccaaggggacgcaaaaaagggc 

XNNRHPXVXTILAQGDAKKG 
cggcaagncctcaaaggaccaagggngttttaaaanccgagcacccgggacccaaccttt 

RQXLKGPRXF-XPSTRDPTF 



aaaaancnttggcggcccccattcgacggngtggnggcaacaaattgggccgngccccat 



KXXWRPPFDXVXATN WAXPH 
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5-3 ' GCA3b Frame 2 

gatccgaccagcaatcaggcggagctgcagcacctgaaaaacgaccttctctcggcactgc 

IRPAIRRSCST-KTTFSRHC 
tgggtatttcacgcaaccgctctgcgcttggcgggaaacaccgacgcgcttgaaggctta 

WVFHATALRLAGNTDALEGL 
ccggacgacacgccgccagccttgattcgaatgcatctggagtacttgcgcagtcaggat 

PDDTPPALIRMHLEYLRSQD 
tccgagcagcgcgccaagctgtccgaactggatcagcaacgggtgcagaaggtcgcggag 

SEQRAKLSELDQQRVQKVAE 
accaggacgatcgacgccagcatcgcgaagattgaagctttgctgcggtgctgcagganc 

TRTIDASIAKIEALLRCCRX 
gggtcggggttcgcaagtacctggcggacagggagtacggctcaaagctgcaatattcgc 

GSGFASTWRTGSTAQSCNIR 
aggaactccaggaactggtcgggatgcagcaggacatcctggtgcaacggagcaaagctc 

RNSRNWSGCSRTSWCNGAKL 
gaggaaaccaatgcggnttgtcgccgcacttcgacgaaaacccgcggnaagcttcgtctn 

EETNAXCRRTSTKTRXKLRX 
ngaataaccggcacccgnctgttccnacgatcttggcccaaggggacgcaaaaaagggcc 

XITGTXLFXRSWPKGTQKRA 
ggcaagncctcaaaggaccaagggngttttaaaanccgagcacccgggacccaaccttta 

GKXSKDQGXFKXRAPGTQPL 
aaaancnttggcggcccccattcgacggngtggnggcaacaaattgggccgngccccatt ^ ^ ^^j 
KXXGGPHSTXWXQQIGPXPll^ - J 
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agcaatcaggcggagctgcagcacctgaaaaacgaccttctctcggcactgct 
GAAAPEKRPSLGTA 



APSCPNWISNGCRRSRR 
.tcgacgccagcatcgcgaagattgaagctttgctgcggtgctgcaggancg 
STPASRRLKLCCGAAGX 



5-3' GCA3b Frame 3 
gatccgacc 

S D Q Q S G 
gggtatttcacgcaaccgctctgcgcttggcgggaaacaccgacgcgcttgaaggcttac 

GYFTQPLCAWRETPT RLKAY 

cggacgacacgccgccagccttgattcgaatgcatctggagtacttgcgcagtcaggatt 

R T T R R Q P - F E C I W S T C A V R I 

ccgagcagcgcgccaagctgtccgaactggatcagcaacgggtgcagaaggtcgcggaga 

P s s 
ccaggacga 
PGR 

ggtcggggttcgcaagtacctggcggacagggagtacggctcaaagctgcaatattcgca 

GRGSQVP GGQGVRLKAAIFA 
ggaactccaggaactggtcgggatgcagcaggacatcctggtgcaacggagcaaagctcg 

GTPGTGRDAAGHPGATEQSS 
aggaaaccaatgcggnttgtcgccgcacttcgacgaaaacccgcggnaagcttcgtctnn 

RKPMRXVAALRRKPAXSFVX 
gaataaccggcacccgnctgttccnacgatcttggcccaaggggacgcaaaaaagggccg 

E-PAPXCSXDLGPRGRKKGP 
gcaagncctcaaaggaccaagggngttttaaaanccgagcacccgggacccaacctttaa 

A X P Q R T K X V L K X E H P G P N L - 
aaancnttggcggcccccattcgacggngtggnggcaacaaattgggccgngccccattt^^ 
K X L A A P I R R X X G N K L G X A P (^^Q^US/Ui 
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3'5' GCA3b Frame 1 

aaatggggcncggcccaatttgttgccnccacnccgtcgaatgggggccgccaangnttt 

KWGXAQFVAXXPSNGGRQXF 
ttaaaggttgggtcccgggtgctcggnttttaaaacncccttggtcctttgaggncttgc 

LKVGSRVLXF-NXLGPLRXC 
cggcccttttttgcgtccccttgggccaagatcgtnggaacagncgggtgccggttattc 

RPFFASPWAKIXGTXGCRLF 
nnagacgaagcttnccgcgggttttcgtcgaagtgcggcgacaanccgcattggtttcct 

XDEAXRGFSSKCGDXPHWFP 
cgagctttgctccgttgcaccaggatgtcctgctgcatcccgaccagttcctggagttcc 

RALLRCTRMSCCIPTSSWSS 
tgcgaatattgcagctttgagccgtactccctgtccgccaggtacttgcgaaccccgacc 

CEYCSFEPYSLSARYLRTPT 
cgntcctgcagcaccgcagcaaagcttcaatcttcgcgatgctggcgtcgatcgtcctgg 

XSCSTAAKLQSSRCWRRSSW 
tctccgcgaccttctgcacccgttgctgatccagttcggacagcttggcgcgctgctcgg 

SPRPSAPVADPVRTAWRAAR 
aatcctgactgcgcaagtactccagatgcattcgaatcaaggctggcggcgtgtcgtccg 

NPDCASTPDAFESRLAACRP 
gtaagccttcaagcgcgtcggtgtttcccgccaagcgcagagcggttgcgtgaaataccc 
VSLQARRCFPPSAERLREIP 
.gcagtgccgagagaaggtcgtttttcaggtgctgcagctccgcctgattgctggtcgga^^^^^yi^/ 

........ V G^ 



a' 



SFFRCCSSA-IiLVG 



V 
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3 '5' GCA3b Frame 2 

aaatggggcncggcccaatttgttgccnccacnccgtcgaatgggggccgccaangntttt 

NGXRPNLLXPXRRMGAAXXF 
taaaggttgggtcccgggtgctcggnttttaaaacncccttggtcctttgaggncttgcc 

- RLGPGC SX FKXPLVL - XLA 
ggcccttttttgcgtccccttgggccaagatcgtnggaacagncgggtgccggttattcn 

GPFLRPLGPRSXEQXGAGYX 
nagacgaagcttnccgcgggttttcgtcgaagtgcggcgacaanccgcattggtttcctc 

XTKLXAGF.RRSAATXRIGFL 
gagctttgctccgttgcaccaggatgtcctgctgcatcccgaccagttcctggagttcct 

ELCSVAPGCPAASRPVPGVP 
gcgaatattgcagctttgagccgtactccctgtccgccaggtacttgcgaaccccgaccc 

ANIAALSRTPCPPGTCEPRP 
gntcctgcagcaccgcagcaaagcttcaatcttcgcgatgctggcgtcgatcgtcctggt 

XPAAPQQSFNLRDAGVDRPG 
ctccgcgaccttctgcacccgttgctgatccagttcggacagcttggcgcgctgctcgga 

LRDLLHPLLIQFGQLGALLG 
atcctgactgcgcaagtactccagatgcattcgaatcaaggctggcggcgtgtcgtccgg 

ILTAQVLQMHSNQGWRRVVR 
taagccttcaagcgcgtcggtgtttcccgccaagcgcagagcggttgcgtgaaataccca 

-AFKRVGVSRQAQSGCVKYP 
gcagtgccgagagaaggtcgtttttcaggtgctgcagctccgcctgattgctggtcggat -fk M' {)^ \ 

AVPREGRFSGAAAPPDCWS ' _} 



25 
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3-5' GCA3b Frame 3 

aaatggggcncggcccaatttgttgccnccacnccgtcgaatgggggccgccaangnttttt 



MGXGPICCX 



HXVEWGPPX 



aaaggttgggtcccgggtgctcggnttttaaaacncccttggtcctttgaggncttgccg 

KGWVPGARXLKXPWSFEXLP 
gcccttttttgcgtccccttgggccaagatcgtnggaacagncgggtgccggttattcnn 

ALFCVPLGQDRXNXRVPVIX 
agacgaagcttnccgcgggttttcgtcgaagtgcggcgacaanccgcattggtttcctcg 

RRSXPRVFVEVRRQXALVSS 
agctttgctccgttgcaccaggatgtcctgctgcatcccgaccagttcctggagttcctg 

SFAPLHQ DVLLHPDQFLEFL 
cgaatattgcagctttgagccgtactccctgtccgccaggtacttgcgaaccccgacccg 

RILQL-AVLPVRQVLANPDP 
ntcctgcagcaccgcagcaaagcttcaatcttcgcgatgctggcgtcgatcgtcctggtc 

XLQHRSKASIFAMLASIVLV 
tccgcgaccttctgcacccgttgctgatccagttcggacagcttggcgcgctgctcggaa 

SATFCTRC-SSSDSLARCSE 
tcctgactgcgcaagtactccagatgcattcgaatcaaggctggcggcgtgtcgtccggt 

S-LRKYSRCIRIKAGGVSSG 
aagccttcaagcgcgtcggtgtttcccgccaagcgcagagcggttgcgtgaaatacccag 

KPSSASVFPAKRRAVA-NTQ 
cagtgccgagagaaggtcgtttttcaggtgctgcagctccgcctgattgctggtcggatc 

QCREKVVFQVLQLRLI 



G R 




GCA4 



ACTCTCNNGCCTCTCACCGAAGATAGCCGGCAAGGACTGGCGNGAACANN 
GCGCGCTGGACTATCNCTAAAGGGTCTCCNACNACGTCCANCCGGACNAG 
CTGACCTCGTTTCCNCNAAGCGTGAAACTGAAGGCCGGTGAAACCNTCNT 
GTTCGCCTNGATCACCTACTAGTCGCGCGCCNNGCGCGACAGGATCAACG 
CCAAGGTGATGGCCGATCCCCGCCTGGCGTCGTCGATGGATC -242 

SEQ ID NO: 11 



-50 
-100 
-150 
-200 
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5 • 3 ' GCA4 Frame 1 

cgcgctggactatcnctaaagggtctccnacnacgtccanccggacnagctgacctcgtt 

RAGLXLKGLXXRPXGXADLV 
tccncnaagcgtgaaactgaaggccggtgaaaccntcntgttcgcctngatcacctacta 

SXKRETEGR-NXXVRXDHLL 
gtcgcgcgccnngcgcgacaggatcaacgccaaggtgatggccgatccccgcctggcgtc 
VARXARQUQ. R. QGDGRSPPGV 




gtcgatggatc ^i/^T/^* ' " " 
5 ' 3 ' GCA4 Frame 2 

cgcgctggactatcnctaaagggtctccnacnacgtccanccggacnagctgacctcgttt 
q ALDYX-RVSXXVXPDXLTSF 
1 ccncnaagcgtgaaactgaaggccggtgaaaccntcntgttcgcctngatcacctactag 
^ XXSVKLKAGETXXFAXITY- 
% tcgcgcgccnngcgcgacaggatcaacgccaaggtgatggccgatccccgcctggcgtcg 
y SRAXRDRINAKV MADPRLAS 

tcgatggatc^(^aUi^/*:^ 

v 

29 



f3 5 ' 3 ' GCA4 Frame 3 

g cgcgctggactatcnctaaagggtctccnacnacgtccanccggacnagctgacctcgtttc 
RWTIXKGSXXTSXRXS-PRF 
cncnaagcgtgaaactgaaggccggtgaaaccntcntgttcgcctngatcacctactagt 
25 xXA-N-RPVKXXCSPXSPTS 
cgcgcgccnngcgcgacaggatcaacgccaaggtgatggccgatccccgcctggcgtcgt 
RAXXATGST PR-WPIPAWRR 

cgatggatc, 
R W I 



30 



44 




|mey Docket No. 07419-029001 
Client Ref. No. 00-228 



3 • 5 • GCA4 Frame 1 

gatccatcgacgacgccaggcggggatcggccatcaccttggcgttgatcctgtcgcgcn 

DPS TTPGGDRPSPWR- SCRX 
nggcgcgcgactagtaggtgatcnaggcgaacanganggtttcaccggccttcagtttca 

XRATSR-XRRTXXFHRPSVS 
cgcttngnggaaacgaggtcagctngtccggntggacgtngtnggagaccctttagngat 

RXXETRSA X P X GRXXRPFXD 
agtccagcgcg^. 



3 ' 5 • GCA4 Frame 2 

gatccatcgacgacgccaggcggggatcggccatcaccttggcgttgatcctgtcgcgcnn 

IHRRRQAGIGHHLGVDPVAX 
ggcgcgcgactagtaggtgatcnaggcgaacanganggtttcaccggccttcagtttcac 

GARLVGDXGEXXGFTGLQFH 
gcttngnggaaacgaggtcagctngtccggntggacgtngtnggagaccctttagngata 

AXXKRGQXVRXDXXGDPLXI 

3 ' 5 ' GCA4 Frame 3 

gatccatcgacgacgccaggcggggatcggccatcaccttggcgttgatcctgtcgcgcnng 

SIDDARRGSAITLALILSRX 
gcgcgcgactagtaggtgatcnaggcgaacanganggtttcaccggccttcagtttcacg 

ARD - - VIXANXX VSPAFSFT 
cttngnggaaacgaggtcagctngtccggntggacgtngtnggagaccctttagngatag 

LXGNEVSXSXWTXXETL-X- 

tccagcgcg 



S S A 
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GCA5 

GATCCGCTCGATGCCCAGGCCCAGTACAGCGAACTGTTCGCCCATGGCCG -50 

CGCCACGTCACTGTTGCTATTCGAACATGTTCACGGTGAATCCCGTGACC -100 

GCGGCCAGGCGATGGTGGACCTGCTGGCGCAGTACGAGCAGCACGGTTTG -150 

5 CAGTTT^CAGCCGCGAATTACCGGACCACCTGCCGCTGTATCTGGAGTA -200 

CCTGTCGCAGCTGCCGCAAGGCGAAGCCGTGGAAGGTTTGAAAGATATCG -250 

CGCCGATTCTGGCATTGCTGAGCGCGCGTCTGC7VACAGCGTGAAAGCCGT -300 

TATGCCGTGATGTTTGATCTGCTGCTGAAATTGGCCGATACCGCTATCGA -350 

CAGCGACAAAGTGGCGGAAAAAATTGCCGACGAAGCGCGCGATGATACGC -4 00 

10 CGCAGGCGCTGGATGCTGTTTGGGAAGAAGAGCAGGTTAAATTCTTTGCT -4 50 

GACTVT^GGCTGCGGCGATTCAGCAATCACTGCTCATCAGCGTCGCTTTGC -500 

CGGTGCCGTCGCGCCGCAATATCTGAATATCCTCGGTGAGAGGCTGGAGA -550 
GT -552 SEQIDNO:12 

15 5-3 ' GCA5 Frame 1 

gatccgctcgatgcccaggcccagtacagcgaactgttcgcccatggccgcgccacgtca 
^ DPLDAQAQYSELFAHGRATS 
Jj? ctgttgctattcgaacatgttcacggtgaatcccgtgaccgcggccaggcgatggtggac 
J LLLFEHVHGESRDRGQAMVD 
2(i; ctgctggcgcagtacgagcagcacggtttgcagttaaacagccgcgaattaccggaccac 
^ LLAQYEQHGLQLNSRELPDH 

ctgccgctgtatctggagtacctgtcgcagctgccgcaaggcgaagccgtggaaggtttg 
Si LPLYLEYLS QLPQGEA VEGL 

r=J aaagatatcgcgccgattctggcattgctgagcgcgcgtctgcaacagcgtgaaagccgt 
25-^: KDIAPILALLSARLQQRESR 
tatgccgtgatgtttgatctgctgctgaaattggccgataccgctatcgacagcgacaaa 
Q YAVMFDLLLKLADTAIDSDK 
gtggcggaaaaaattgccgacgaagcgcgcgatgatacgccgcaggcgctggatgctgtt 
VAEKIADEARDDTPQALDAV 
30 tgggaagaagagcaggttaaattctttgctgacaaaggctgcggcgattcagcaatcact 
WEEEQVKFFADKGCGDSA IT 
gctcatcagcgtcgctttgccggtgccgtcgcgccgcaatatctgaatatcctcggtgag 

AHQRRFAGAVAPQYLNILGE 
aggctggagagt 



35 RLE S^l^m^il^l^OlS^ 
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5»3' GCA5 Frame 2 

gatccgctcgatgcccaggcccagtacagcgaactgttcgcccatggccgcgccacgtcac 
IRSMPR PSTANCSPMAAPRH 



CCYSNM FTVNPVTAARRWWT 
tgctggcgcagtacgagcagcacggtttgcagttaaacagccgcgaattaccggaccacc 

CWRSTSSTVCS-TAANYRTT 
tgccgctgtatctggagtacctgtcgcagctgccgcaaggcgaagccgtggaaggtttga 

CRCIWSTCRSCRKA KPWKV- 
aagatatcgcgccgattctggcattgctgagcgcgcgtctgcaacagcgtgaaagccgtt 

KISRRFWHC-A RVCNSVKAV 
atgccgtgatgtttgatctgctgctgaaattggccgataccgctatcgacagcgacaaag 

MP-CLICC-NWPIPLSTATK 
tggcggaaaaaattgccgacgaagcgcgcgatgatacgccgcaggcgctggatgctgttt 

WRKKLPTKRAMIRRRRWMLF 
gggaagaagagcaggttaaattctttgctgacaaaggctgcggcgattcagcaatcactg 

GKKSRLNSLLTKAAAIQQSL 
ctcatcagcgtcgctttgccggtgccgtcgcgccgcaatatctgaatatcctcggtgaga 
LISVALPVP.SRRNI - ISSVR 



tgttgctattcgaacatgttcacggtgaatcccgtgaccgcggccaggcgatggtggacc 
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5 ' 3 ' GCA5 Frame 3 

gatccgctcgatgcccaggcccagtacagcgaactgttcgcccatggccgcgccacgtcact 

SARCPGPVQRTVRPWPRHVT 
gttgctattcgaacatgttcacggtgaatcccgtgaccgcggccaggcgatggtggacct 
5 VAIRTCSR-IP-PRPGDGGP 
gctggcgcagtacgagcagcacggtttgcagttaaacagccgcgaattaccggaccacct 

AGAVRAARFAVKQPRITGPP 
gccgctgtatctggagtacctgtcgcagctgccgcaaggcgaagccgtggaaggtttgaa 
AAVSGVPVAAAARRSRGRFE 
10 agatatcgcgccgattctggcattgctgagcgcgcgtctgcaacagcgtgaaagccgtta 
RYRADSGIAERASATA-KPL 
p tgccgtgatgtttgatctgctgctgaaattggccgataccgctatcgacagcgacaaagt 
S CRDV-SAAEIGRYRYRQRQS 
J; ggcggaaaaaattgccgacgaagcgcgcgatgatacgccgcaggcgctggatgctgtttg 
GGKNCRRSAR-YAAGAGCCL 
ggaagaagagcaggttaaattctttgctgacaaaggctgcggcgattcagcaatcactgc 
H GRRAG-ILC-QRLRRFSNHC 
1^ tcatcagcgtcgctttgccggtgccgtcgcgccgcaatatctgaatatcctcggtgagag 
■2 SSASLCRCRRAAI SEYPR-E 

M gctggagagtgia. A /O^'^'^J 
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10 



1&I 



i> i 



3 ' 5 » GCAS Frame 1 

actctccagcctctcaccgaggatattcagatattgcggcgcgacggcaccggcaaagcg 

TLQPLTEDIQILRRDGTGKA 
acgctgatgagcagtgattgctgaatcgccgcagcctttgtcagcaaagaatttaacctg 

TLMSSDC-IAAAFVSKEFNL 
ctcttcttcccaaacagcatccagcgcctgcggcgtatcatcgcgcgcttcgtcggcaat 
LFFPNSIQRLRRIIARFVGN 
tttgtcgctgtcgatagcggtatcggccaatttcagcagcagatcaaa 

VAVDSGIGQFQQQIK 
catcacggcataacggctttcacgctgttgcagacgcgcgctcagcaatgccagaatcgg 

HHGITAFTLLQTRAQQCQNR 
cgcgatatctttcaaaccttccacggcttcgccttgcggcagctgcgacaggtactccag 

ALRQLRQVLQ 
aaccgtgctgctcgta 
Q T V L L V 
tgcgccagcaggtccaccatcgcctggccgcggtcacgggattcaccgtgaacatgttc 



tttttccgccac 
F F R H F 



RDIFQTFHGF 
atacagcggcaggtggtccggtaattcgcggctgtttaactgca. 

I Q R Q V V R 

c 



- L 



A V T G 



N M F 



LRQQVHHRLA 
gaatagcaacagtgacgtggcgcggccatgggcgaacagttcgctgtactgggcctgggc 

-RGAAMGEQFAVLGLG 



E - Q Q 
atcgagcggatc^f 
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3'5' GCA5 Frame 2 

actctccagcctctcaccgaggatattcagatattgcggcgcgacggcaccggcaaagcga 

LSSLSPRIFRYCGATAPAKR 
cgctgatgagcagtgattgctgaatcgccgcagcctttgtcagcaaagaatttaacctgc 

R_ .AVIAESPQPLSAKNLTC 
tcttcttcccaaacagcatccagcgcctgcggcgtatcatcgcgcgcttcgtcggcaatt 

SSSQTASSACGVSSRASSAI 
ttttccgccactttgtcgctgtcgatagcggtatcggccaatttcagcagcagatcaaac 

FSATLSLSIAVSANFSSR SN 
atcacggcataacggctttcacgctgttgcagacgcgcgctcagcaatgccagaatcggc 

ITA-RLSRCCRRALSNARIG 
gcgatatctttcaaaccttccacggcttcgccttgcggcagctgcgacaggtactccaga 

AISFKPSTASPCGSCDRYSR 
tacagcggcaggtggtccggtaattcgcggctgtttaactgcaaaccgtgctgctcgtac 

YSGRWSGNSRLFNCKPCCSY 
tgcgccagcaggtccaccatcgcctggccgcggtcacgggattcaccgtgaacatgttcg 

CASRSTIAWPRSRDSP-TCS 

aatagcaacagtgacgtggcgcggccatgggcgaacagttcgctgtactgggcctgggca 

N SNSDVARPWANSSLYWAWA 
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3 ' 5 • GCA5 Frame 3 

actctccagcctctcaccgaggatattcagatattgcggcgcgacggcaccggcaaagcgac 

SPASHRGYSDIAARRHRQSD 
gctgatgagcagtgattgctgaatcgccgcagcctttgtcagcaaagaatttaacctgct 
ADEQ-LLNRRSLCQQRI-PA 
cttcttcccaaacagcatccagcgcctgcggcgtatcatcgcgcgcttcgtcggcaattt 
LLPKQHPAPAAYHR ALRRQF 
tttgtcgctgtcgatagcggtatcggccaatttcagcagcagatcaaaca 
PPLCRCR-RYRPISAADQT 



tttccgccac 



F 

tcacggcataacggctttcacgctgttgcagacgcgcgctcagcaatgccagaatcggcg 

SRHNGFHAVADARSAMPESA 
cgatatctttcaaaccttccacggcttcgccttgcggcagctgcgacaggtactccagat 

RYLSNLPRLRLAAAATGTPD 
acagcggcaggtggtccggtaattcgcggctgtttaactgcaaaccgtgctgctcgtact 

TAAGGPVIRGCLTANRAART 
gcgccagcaggtccaccatcgcctggccgcggtcacgggattcaccgtgaacatgttcga 

APAGPPSPGRGHGIHREHVR 
atagcaacagtgacgtggcgcggccatgggcgaacagttcgctgtactgggcctgggcat 

lATVTWRGHGRTVRCTGPGH 



cgagcggatc 
R 



cggatc 



GCA7 



-50 
-100 
150 



GATCCTNACACANTAGCCCGTGGACGCATTTGCGTCGACCCTCATANGGA 
AGCGATACGAGGCGGGTNAAAGTGAACATCCGCCGAGCACGGCAGCGACG 
CCTCCGCTCACCGTCNGCGCAGTACTTCCTCGGGTCGCCGCGCCTAGCAC 
TCTGCGCCGTGACATCAANCCGTGAACCCACGGGAGACTTTGCGCCGCNA -200 
AGGGATGAGTCCACTATTAGATGACGCATGGCTACGAGCCNATCCTCGGT -250 

GANAAGCTGGAGAGT -265 SEQ ID N0:13 
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5- 3' GCA7 Frame 1 

gatcctnacacantagcccgtggacgcatttgcgtcgaccctcatanggaagcgatacga 

DPXTXARGRICVDPHXEAIR 
ggcgggtnaaagtgaacatccgccgagcacggcagcgacgcctccgctcaccgtcngcgc 

GGXK-TSAEHGSDASAHRXR 
agtacttcctcgggtcgccgcgcctagcactctgcgccgtgacatcaanccgtgaaccca 

STSSGRRA-HSAP-HQXVNP 
cgggagactttgcgccgcnaagggatgagtccactattagatgacgcatggctacgagcc 

RETLRRXGMSPLLD DAWLRA 



natcctcggtganaagctggagagt^ 



X P R - X A G B). 0^3^ /ll9.'^i)i?J 



5 '3' GCA7 Frame 2 

gatcctnacacantagcccgtggacgcatttgcgtcgaccctcatanggaagcgatacgag 

IXTX-PVDAFASTLIXKRYE 
gcgggtnaaagtgaacatccgccgagcacggcagcgacgcctccgctcaccgtcngcgca 

AGXSEHPPSTAATPPLTVXA 
gtacttcctcgggtcgccgcgcctagcactctgcgccgtgacatcaanccgtgaacccac 

VLPRVAAPSTLRRDIXP-TH 
gggagactttgcgccgcnaagggatgagtccactattagatgacgcatggctacgagccn 

GRLCAXKG-VHY-^M THGYEX 

atcctcggtganaagctggagag 



52 



imey Docket No. 07419-029001 
Client Ref, No. 00-228 



5' 3' GCA7 Frame 3 

gatcctnacacantagcccgtggacgcatttgcgtcgaccctcatanggaagcgatacgagg 

S X H X S P W T H L R R P S X G S D T R 
cgggtnaaagtgaacatccgccgagcacggcagcgacgcctccgctcaccgtcngcgcag 

RXKVNIRRARQRRLI^SPXAQ 
tacttcctcgggtcgccgcgcctagcactctgcgccgtgacatcaanccgtgaacccacg 

y F L G S P R L A L C A V T S X R E P T 
ggagactttgcgccgcnaagggatgagtccactattagatgacgcatggctacgagccna 

tcctcggtganaagctggagagt^ 

s s V X s w 43^^/1)^/6'^ 



XRDESTIR-RMATSX 



3 '5' GCA7 Frame 1 

actctccagcttntcaccgaggatnggctcgtagc-catgcgtcatctaatagtggactca 

TLQLXTEDXLVAMRHLIVDS 
tcccttngcggcgcaaagtctcccgtgggttcacggnttgatgtcacggcgcagagtgct 

SLXGAKSPVGSRXDVTAQSA 
aggcgcggcgacccgaggaagtactgcgcngacggtgagcggaggcgtcgctgccgtgct 

RRGDPRKYCXDGERRRRCRA 
cggcggatgttcactttnacccgcctcgtatcgcttccntatgagggtcgacgcaaatgc 

RRMFTXTRLVS LXYEGRRKC 

gtccacgggctantgtgtnaggatc^ 
V H G L X C X 
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3 '5' GCA7 Frame 2 

actctccagcttntcaccgaggatinggctcgtagccatgcgtcatctaatagtggactcat 

LSSXSPRXGS-PCVI--WTH 
cccttngcggcgcaaagtctcccgtgggttcacggnttgatgtcacggcgcagagtgcta 
5 pxAAQSLPWVHXLMSRRRVL 
ggcgcggcgacccgaggaagtactgcgcngacggtgagcggaggcgtcgctgccgtgctc 

GAATRGSTAXTVSGGVAAVL 
ggcggatgttcactttnacccgcctcgtatcgcttccntatgagggtcgacgcaaatgcg 

G 

10 tccacgggctantgtgtnaggatc^ 



GCSLXPASYRFXMRVDANA 



S1 3 I 5 r GCA7 Frame 3 

£ actctccagcttntcaccgaggatnggctcgtagccatgcgtcatctaatagtggactcatc 
I SPAXHRGXARSHASSNSGLI 

ccttngcggcgcaaagtctcccgtgggttcacggnttgatgtcacggcgcagagtgctag 
pxRRKVSRGFTX-CHGAEC- 

gcgcggcgacccgaggaagtactgcgcngacggtgagcggaggcgtcgctgccgtgctcg 
K ARRPEEVLRXR-AEASLPCS 
% gcggatgttcactttnacccgcctcgtatcgcttccntatgagggtcgacgcaaatgcgt 
S ADVHFXPPRIASX-GSTQMR 



ccacgggctantgtgtnaggatc 

GCAlO 



-tC , V 



P R A X V X 

TTGCCGCGCGAGCCGCCCTGANGCTCTCGGCGTAACTCCGGATGCACGGG 
GGACCGTGACGGTTGTANTGCCCTGGCTTTTCTCAGCNGAAATCTGCACA -150 



25 GATCCGGCCNCGCACGANCTTACCGGTNAAAACTTCCNCNCCNATAATAT -50 

i_ ^^^^m,-,vxi^r-Tf'^nf^f^(-f:TaArTr.CGGATGCACGGG -100 

-15 

GCCATCTTCCGATCGATCTGGCGCAGGTGGGGCGGCNCAAAACGGTGGGC -200 

ATCTCCAAACCGCAGGAACGTGTTTTGCAGGATGTCGAACATCATCCACG -250 

30 CTTCGGTNCCCAACGGCTACTTCGCCCGGTACCGGGCCATGTCATCCTCG -300 

GTGANAAGCTGGANANT -317 SEQ ID NO: 14 
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10 



Kp 



15 



I — 

bf) 



35 



i 



40 



DPAXHXLTGXNFXAAiN-L 

agccg===tg„gctctcgg=gtaactccgg.tgc.=ggggga=cgtga=ggttgta„t^ 
/„4c«tL™aJctg.ac.gccatc^ 

a.ca.cc.cgc.tcgg.„=cca.cgg.tac..g^^^^^^^ 



=:^:=:StL:c::S.L«ac=ggtn.aa.ct.cc„=„c=„a«a» 



IRXRTXLPXKTaXXlI 
gccgccctgangctctcggcgtaactccggatgcacgggggaccgtgacggttgtantgc 

A ALXLSA-LRMHGGP-RLXC 



tggcttttctcagcngaaatctgcacagccatcttccgatcgatctggcgcaggtggg 
P GFSQXKSAQPSSDRSGAGG 
gcggcncaaaacggtgggcatctccaaaccgcaggaacgtgttttg«^ 



AXQNGGHLQTAGTCFAG 
tcatccacgcttcggtncccaacggctacttcgcccggtaccgggccatgtcatcctcgg 
SSTLRXPT ATS PGTGPCHPR 

tganaagctgganant^^-i:i /j^^7Xj 

gitccS^cL^ac^aLttaccggtnaaaacttccncnccnataatatttgccgcgcgag 

^ YRXKLXXX-YLP 



G X 



R X 



R E 



ccgccctgangctctcggcgtaactccggatgcacgggggaccgtgacggttgtantgcc 

p p-XSRRNSGCTGDRDGCXA 
ctggcttttctcagcngaaatctgcacagccatcttccgatcgatctggcgcaggtgggg 
L A FLSXNLHSHLPIDLAQVG 



cggcncaaaacggtgggcatctccaa 



acc' 



gcaggaacgtgttttgcaggatgtcgaacat 



E R V L Q 



V E H 



cLcLcgcttcggtncccaacggcL 

ganaagctgganant. \ 
X K - - 



X X 



4 
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3 ■ 5 ' GCAIO Frame 1 

antntccagcttntcaccgaggatgacatggcccggtaccgggcgaagtagccgttgggn 

XXQLXTEDDMARYRAK-PLX 
accgaagcgtggatgatgttcgacatcctgcaaaacacgttcctgcggtttggagatgcc 
5 T EAWMMFDILQNTFLRFGDA 

caccgttttgngccgccccacctgcgccagatcgatcggaagatggctgtgcagatttcn 

HRFXPPHLRQIDRKMAVQIX 
actqagaaaagccagggcantacaaccgtcacggtcccccgtgcatccggagttacgccg 

A EKSQGXTTVTVPRASGVTP 
10 agagcntcagggcggctcgcgcggcaaatattatnggngnggaagttttnaccggtaagn 

RXSGRLARQIL X XXKFXPVX 

tcgtgcgnggccggatc ^0.^:;^ I^O'J^ 

15 3 ' 5 ' GCAIO Frame 2 

antntccagcttntcaccgaggatgacatggcccggtaccgggcgaagtagccgttgggna 

XSSXSPRMTWPGTGRSSRWX 

ccgaagcgtggatgatgttcgacatcctgcaaaacacgttcctgcggtttggagatgccc 

P KRG-CSTSCKTRSCGLEMP 

accgttttgngccgccccacctgcgccagatcgatcggaagatggctgtgcagatttcng 

^ TVLXRPTCARS'IGRWLCRFX 

03^ ctgagaaaagccagggcantacaaccgtcacggtcccccgtgcatccggagttacgccga 

=P= LRKARAXQPSRSPVHPEL RR 

m gagcntcagggcggctcgcgcggcaaatattatnggngnggaagttttnaccggtaagnt 

|| EXQGGSRGKYYXXGSFXR-X 

\^ 3 ' 5 ' GCAIO Frame 3 

antntccagcttntcaccgaggatgacatggcccggtaccgggcgaagtagccgttgggnac 

m XPAXHRG-HGPVPGEVAVGX 

fi cgaagcgtggatgatgttcgacatcctgcaaaacacgttcctgcggtttggagatgccca 

§ RSVDDVRHPAKHVPAVWRCP 

ccgttttgngccgccccacctgcgccagatcgatcggaagatggctgtgcagatttcngc 

35 pFXAAPPAPDRSEDGCADFX 

tgagaaaagccagggcantacaaccgtcacggtcccccgtgcatccggagttacgccgag 

-EKPGXYNRHGPPCIRSYAE 

agcntcagggcggctcgcgcggcaaatattatnggngnggaagttttnaccggtaagntc 

SXRAARAANIXXXEVXTGKX 

GCA12 

ACTCTCCAGCCTCGCACCGAGGATCAGGGCGTCGTCGACTCCGTCGACCT -50 

45 GACCGCCTCCCCNCCGCTGCTCTCGATCGGCGGCCAGACCTACACCANCG -100 

ACGTAGATCAAGCGCGTGGTGCGCGGCGCNACNAGCANCANCTAANTCAA -150 

GGCCTCGCTGCATCCCGCCAATCCAGCGCTCAGCTTCGCGGGAATTGCGC -200 

GANCGCTTT TGCGCGTCNCGAGTNACCGCATACACACCTGCCGTCCCTGC - 2 5 0 

GAAAGCAAGGACCCATACTCCGCNGCGGGTGTTGTTGACGGGACTCGTCA -300 
50 TGGCGGCAACGCACAACGTNNAACTTCTGTGGTTATGGATC -341 
SEQ ID NO: 15 
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5' 3' GCA12 Frame 1 
actctccagcc 
T L 



tcgcaccgaggatcagggcgtcgtcgactccgtcgacctgaccgcctcc 
QPRTEDQGVVDSVDLTAS 
ccnccgctgctctcgatcggcggccagacctacaccancgacgtagatcaagcgcgtggt 
5 XPLLSIGGQTYTXDVDQARG 
gcgcggcgcnacnagcancanctaantcaaggcctcgctgcatcccgccaatccagcgct 
ARRXXXXLXQGLAASRQSSA 
cagcttcgcgggaattgcgcgancgcttttgcgcgtcncgagtnaccgcatacacacctg 
QLRGNCAXAFARXEXPHTHL 
10 ccgtccctgcgaaagcaaggacccatactccgcngcgggtgttgttgacgggactcgtca 
P SLRKQGPILRXGCC - RDSS 
A tggcggcaacgcacaacgtnnaacttctgtggttatggatc^(^y'i^><-^ /OO. ?^ 

% WRQRTTXNFCGY % (^iH^ flJi^r j 



5 ' 3 • GCA12 Frame 2 

actctccagcctcgcaccgaggatcagggcgtcgtcgactccgtcgacctgaccgcctccc 

LSSLAPRIRASSTPST-PPP 
cnccgctgctctcgatcggcggccagacctacaccancgacgtagatcaagcgcgtggtg 

XRCSRSAARPTPXT-IKRVV 
cgcggcgcnacnagcancanctaantcaaggcctcgctgcatcccgccaatccagcgctc 

RGXXSXX-XKASLHPANPAL 
agcttcgcgggaattgcgcgancgcttttgcgcgtcncgagtnaccgcatacacacctgc 

SPAGIARXLLRVXSXRIHTC 

cgtccct 



:tgcgaaagcaaggacccatactccgcngcgggtgttgttgacgggactcgtcat 



25 RpcESKDPYSXAGVVDGTRH 
ggcggcaacgcacaacgtnnaacttctgtggttatggatc 
G G N A Q R X T S V V M 6^^.^ 
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5 < 3 ■ GCA12 Frame 3 

actctccagcctcgcaccgaggatcagggcgtcgtcgactccgtcgacctgaccgcctcccc 

SPASHRGSGRRRLRRPI'^^^ 
nccgctgctctcgatcggcggccagacctacaccancgacgtagatcaagcgcgtggtgc 

XAALDRRPDLHXRRRSSAWC 

gcggcgcnacnagcancanctaantcaaggcctcgctgcatcccgccaatccagcgctca 

AAXXAXXXSRPRCIPPIQRS 

ncgagtnaccgcatacacacctgcc 



RELRXRFCAXRXTAYTPA 



gcttcgcgggaattgcgcgancgcttttgcgcgtc 
A S 

gtccctgcgaaagcaaggacccatactccgcngcgggtgttgttgacgggactcgtcatg 
V P A K A R T H T P X R V L L T G L M 

gcggcaacgcacaacgtnnaacttctgtggttatggatc^ I^WJ^ h^t^[ $y . 

AATHNXXLLWLWI^ (Si^-ik /\^0 [^"fj 



3 ' 5 • GCA12 Frame 1 

gatccataaccacagaagttnnacgttgtgcgttgccgccatgacgagtcccgtcaacaa 

DP-PQKXXVVRCRHDESRQQ 
cacccgcngcggagtatgggtccttgctttcgcagggacggcaggtgtgtatgcggtnac 

HPXRSMGPCFRRDGRCVCGX 
tcgngacgcgcaaaagcgntcgcgcaattcccgcgaagctgagcgctggattggcgggat 

SXRAKAXAQFPRS-ALDWRD 
gcagcgaggccttganttagntgntgctngtngcgccgcgcaccacgcgcttgatctacg 

AARP-XXXCXXRRAPRA-ST 
tcgntggtgtaggtctggccgccgatcgagagcagcggnggggaggcggtcaggtcgacg 

SXV-VWPPIESSXGEAVRST 

gagtcgacgacgccctgatcctcggtgcgaggctggagagt^ (3i'S~^^A A'^y 
E s T T P - S S V R G W l(})'.^(J^ 
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3 • 5 • GCA12 Frame 2 

gatccataaccacagaagttnnacgttgtgcgttgccgccatgacgagtcccgtcaacaac 

IHNHRSXTLCVAAMTSPVNN 
acccgcngcggagtatgggtccttgctttcgcagggacggcaggtgtgtatgcggtnact 
5 TRXGVWVLAFAGTAGVYAXT 
cgngacgcgcaaaagcgntcgcgcaattcccgcgaagctgagcgctggattggcgggatg 

XDAQKXSRNSREAERWIGGM 
cagcgaggccttganttagntgntgctngtngcgccgcgcaccacgcgcttgatctacgt 
QRGLXLXXAXXAAHHALDLR 
10 cgntggtgtaggtctggccgccgatcgagagcagcggnggggaggcggtcaggtcgacgg 
XWCRSGRRSRAAXGRRSGRR 



agtcgacgacgccctgatcctcggtgcgaggctggagagt 
SRRRPDPRCEAGE^ 



RKSXRAIPAKLSAGLAGC 



GCA19 



3'5' GCA12 Frame 3 

gatccataaccacagaagttnnacgttgtgcgttgccgccatgacgagtcccgtcaacaaca 

SITTEVXRCALPP-RVPSTT 
cccgcngcggagtatgggtccttgctttcgcagggacggcaggtgtgtatgcggtnactc 

PXAEYGSLLSQGRQVCMRXL 
gngacgcgcaaaagcgntcgcgcaattcccgcgaagctgagcgctggattggcgggatgc 

X T 

agcgaggccttganttagntgntgctngtngcgccgcgcaccacgcgcttgatctacgtc 
SEALX-XXXXAP RTTRLIYV 

gntggtgtaggtctggccgccgatcgagagcagcggnggggaggcggtcaggtcgacgga 
XGVGLAADREQRXGGGQVDG 

gtcgacgacgccctgatcctcggtgcgaggctggagagt 
VDDALlLGARLESj(! 

GATCCGCGCATCCTCTCTGTGGCTCTCGCGGGGTCAGAGGTGGATAAGGC -50 



j 



30 CGGCCGCAAGCTCGGACTTCCCGTCNCAATCNAAGGCTTCTGCGATCNCC -100 

ANTACAACTACNACGGCAATCTNACATCACGCAAGATCGCANGCTCNGTC -150 
ATCAAGGACGCNGCGGTCNCCNCCCGGCAGGTGCTCNATATNGTGTTGAA -200 



NAACACCATCGCTCCTGCAACGGCMVGAAGATCACATGCAAGGTCCACTC 
GCTGTG -256 SEQIDNO:16 



35 
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5 ' 3 ' GCA19 Frame 1 

gatccgcgcatcctctctgtggctctcgcggggtcagaggtggataaggccggccgcaag 
DPRILSVALAGSEVDKAGRK 

ctcggacttcccgtcncaatcnaaggcttctgcgatcnccantacaactacnacggcaat 
LGLPVXIXGFCDXXYNYXG N 

ctnacatcacgcaagatcgcangctcngtcatcaaggacgcngcggtcnccncccggcag 
XTSRKIAXX VIK DXAVXXRQ 

gtgctcnatatngtgttgaanaacaccatcgctcctgcaacggcaagaagatcacatgca 



XXVL XNTIAPATARRSHA 



aggtccactcgctgtg^ 
R S T R C 



5 ' 3 ' GCA19 Frame 2 

gatccgcgcatcctctctgtggctctcgcggggtcagaggtggataaggccggccgcaagc 

IRASSLWLSRGQRWIRPAAS 
tcggacttcccgtcncaatcnaaggcttctgcgatcnccantacaactacnacggcaatc 

SDFPXQXKASAIXXTTXTAI 
tnacatcacgcaagatcgcangctcngtcatcaaggacgcngcggtcnccncccggcagg 

XHHARSXAXSSRTXRXXPGR 
tgctcnatatngtgttgaanaacaccatcgctcctgcaacggcaagaagatcacatgcaa 

CXIXC-XTPSLLQRQEDHMQ 

ggtccactcgctgtg 
G P L A V^(3^^tA lOO'M 



5131 GCA19 Frame 3 

gatccgcgcatcctctctgtggctctcgcggggtcagaggtggataaggccggccgcaagct 

SAHPLCGSRGVRGG-GRPQA 
cggacttcccgtcncaatcnaaggcttctgcgatcnccantacaactacnacggcaatct 

RTSRXNXRLLRXPXQLXRQS 
nacatcacgcaagatcgcangctcngtcatcaaggacgcngcggtcnccncccggcaggt 

XITQDRXLXHQGRXGXXPAG 
gctcnatatngtgttgaanaacaccatcgctcctgcaacggcaagaagatcacatgcaag 

AX'YXVEXHHRSCNGKKITCK 

gtccactcgctgtg 

V H S L. 

A. 
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3.5. GCAIQ Frame 1 -.ggagcgatggtgttnttca 

H V I F L P L Q E R 



itcttcttgccgttgcac 



cacagcgagtggaccttgcatgtga ^ ^ Q E R W C X S 

^ ^ tggngatcgcagaagccttngattg 



tcttgcgtgatgtnagattgccgtngtagttgtan _ ^ ^ ^ ^ , , 
S C V M X D C 

ngacgggaagtccgagcttgcggc - _ _ ^ ^ P Q 

X R E V R A , C 



R X S C X X D R R 

cggccttatccacctctgaccccgcgagagccacag 



G R P Y 



p P L T P 



3 '5' Frame 2 

cacagcgagtggaccttgc«uy.^»^ ' s D G V X Q 

SGPCM-SSCRC 

ggngaccgcngcgtccttgatgacngagcntgcgat 



ttgcatgtgatcttcttgccgttgcaggagcgatggtgttnttcaa 

S D G V X Q 
atgacngagcntgcgat 
H . P X X P B X V . B D X X C ■> 

cttgcgtg-tgtnagattgecgtng^ g^ V X X I . B . X D X 

ccggccttatccacctotg.=cc=gcgagagcc.cag. 



T A 

cacnatatngagcacctgccgggn. 
H X X E 



L A 

gaagtccgagcttgcgc 

A G li I 

gaggatgcgcggatc 



gacgggaagtccgagcttgcggccgg^ p r E s H R 

DGKSELA'^«^^«^- 



" " "ar«Ltgtga„«c«gccg«gcaggagcg.tggtg«„ttcaac 

""Trrrn ° . . ^ v . = ^ « v x f » 



agttgtantggngatcgcagaagccttngattgng 



3 I 5' GCA19 Frame 3 

Cc 

ttgcgtgatgtnagattgccgtngt . „ , , . K P X I X 



pX-LXWXSQ 

T G S P S L 



I' ^ ^ ^ .cctctgaccccgcgagagccacagag 



acgggaagtccgagcttgcggccggccttatcc ^ ^ ^ ^ ^ ^ ^ , , 



:cac 
R p A Ij S 



aggatgcgcggatc 
R M R G 



A. 
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25 



30 



P.,^ep«de. a.d Peptide, AssociaUd with GCA ^^^^ 
The invention provides polypepndes(e.g.,SEQ ID N0.2,bbyiu v 

SEQ ID N0:8) associated with OCA. and subsequences of hereof, e.g.. peptides. Tlus 
tavendon provides inununogenic peptides capable of generating an inunune resp<,nse. 
IcuiarW antibodies, specifioa,,ydirectedtodia^oseortreatGCA.These^^^^^^^ 
eptidescLaisobensedtoidentifythepresenceofhunranantibodiesthatspectcalybutdto 
Z!!for.hed,agnosisofOCA.Po,ypeptidesandpeptidesof,heinventioncana.sobe„sedto 

generateantibodiesthatcanbeusedtodiagnoseortreatGCA. 

Po,ypeptidesandpep.idesoftheinventioncanbeiso.a.edfton.natura.so™ces(e.g., 

vascuUtiUesions),besynthetic,orbereconrbinan.,ygeneratedpo,ypeptides.Pep^^^^ 

proteins can be reconrbinantly express«l ,» v,« or i„ v,k-. The pepUdes and poiype Udes 
!:lncanben.adeandiso.atedusinganynte.od^ownin.hear.,andthe.nvent,on 

nrovides a few exemplary means for generating such proteins. . ^ • „ 

" polypeptide andpep.idesoftheinven.ioncanMsobesynthesi.ed,who,eor„pa«^.^ 

ohenricaIntethodswei...o™in.heart.Seee.g.,Caruthers,I,SO)N„oIe.^^^^^ 

Ser 215-223- Horn (1980) Nucleic Acids Res. Symp. Ser. 225-232; Banga, A.K.. TTrerapenttc 

Peptides and Proteins. Formulation, Processing and Delivery Systems (.995, Technomrc 

r:ngCo.,Lancaster,PA.Pore.a.nple,peptidesynthes,sca„bep— 

.Ud-pbaset.hni,ues(seee.g.,Koberge,.995,Science269a02;MerrrfieM(^^^^^^^ 

Enzymol 289 3-13) and automated synthesis may be achieved, e.g., usmgthe ABI431APephd 
:Zi.er(PerjBhner)h,accor^cewi.hthe — provid^bythe— ^ 
The skilled artist will recognize that individual syntheUc resrdues and polypepUdes 

incorporating mimetics can be synthesized usmg a variety of procedures and methodologres. 
::rarew!lldescribedin.hescien,iflca„dpa.entliterature,e..,OrganicSyn.hesesCo,lec..ve 

volumes. Oilman, et al. (Eds) John Wiley & Sons. Inc.. NV. Polypeptides ineorporatmg 
namedcs can also be made using solid phase synthetic procedures, as descrtbed, e.g by D^ 
Marchi e. a,.. U.S. Pat. No. 5,422,426. Peptides and peptide mimetics of the mventron «n a s 
reCd>esizedush,gcombinatorialmethodologies.Varioustechni,uesforgenerat,onofp 

and peptidomimetie libraries are well known, and include, e., , multipm, ^^^^^ 
split-couple-mix techniques; see, al-Oheidi (1998) Mol. B.otec^ol. 9:20 -2 ^ 
(1997) Curr. Opto. Chem. Biol. 1:114-119; Ostergaard (1997) Mol. Drvers. 3:17-27, Ostiesh 
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, 967-970 234 Modified peptides of the invention can be fiirther 
(1996) Methods Enzymol. 267.220-234. Mod P P ^^^^ 

p.ducedhyche^cal.odification.e.^^^^^^^ 
25.3440-3444; Frenkel (1995) Free Radic. Biol. Med. 19.3 ^ 

facilitating domains include, e.g., metal chelating p P 

facilitate purification. For example, an expression vc^ 

. / Axruii5im<;n995) Biochemistry 34.1/5/ i/^/,^" v 

Protein Expr.Punf. 12.404-14). inem ,w mitoue from the remainder of 

,,e ent^kinase Cleavage site provide, a means fot p^ly-n, the^-^^^^^ 

«.e*sionprotein.Tecimologypet.ainin,.ovecto.e„cod.n^^^^^^^^^^^^ 
toion proteins axe well described in the scientific and patent hteratute, e.g., 
DNACell. Biol., 12:441-53. 

invention (e.g., the exemplary SEQ ID N0.2,bbQ that associated with GC A 

T^ese antibodies canbe used to identify thepresenceofpolypeptides that associ^^^ 

to aid in its diagnosis and prognosis. to oenerate an immune 

^epep.idesandpol,peptidesofthe.ventio„cana^e^^^^^^ 

,„ response to generate antibodies for the diagnosts or treatment of GCA (they 
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generate a cellular response for treatment). Thus, they can be administered to both humans and 
animals. The polypeptides or peptide can be conjugated to another molecule or can be 
administered with an adjuvant. TTie coding sequence can be part of an expression cassette or 
vector capable of expressing the immunogen in vivo, (see, e.g., Katsumi (1994) Hum. Gene 
Ther. 5:1335-9). Methods of producing polyclonal and monoclonal antibodies are known to 
those of skill in the art and described in the scientific and patent literature, see, e.g., Coligan, 
CURRENT PROTOCOLS IN IMMUNOLOGY, Wiley/Greene, NY (1991); Stites (eds.) Basic and 
CLINICAL IMMUNOLOGY (7th cd.) Lange Medical Publications, Los Altos, CA ("Stites"); Goding, 
MONOCLONAL ANTIBODIES: PRINCIPLES AND PRACTICE (2d cd.) Academic Press, New York, NY 
(1986); Kohler (1975) Nature 256:495; Harlow (1988) Antibodies, a Laboratory Manual, 
Cold Spring Harbor PubUcations, New York. 

Antibodies also can be generated in vitro, e.g., using recombinant antibody binding site 
expressing phage display libraries, in addition to the traditional in vivo methods using animals. 
See, e.g., Huse (1989) Science 246:1275; Ward (1989) Nature 341:544; Hoogenboom (1997) 
Trends Biotechnol. 15:62-70; Katz (1997) Amiu. Rev. Biophys. Biomol. Struct. 26:27-45. 

Human antibodies can be generated in mice engineered to produce only human 
antibodies, as described by, e.g., U.S. Patent No. 5,877,397; 5,874,299; 5,789,650; and 
5 939,598. B-cells from these mice can be immortalized using standard techniques (e.g., by 
fusing with an immortalizing cell line such as a myeloma or by manipulating such B-cells by 
other techniques to perpetuate a cell line) to produce a monoclonal human antibody-producmg 
cell. See, e.g., U.S. Patent No. 5,916,771; 5,985,615. 

Nucleic acid sequences (e.g., from cDNA libraries, isolated from human antibody 
producing mice, etc.) encoding desired antibodies can be cloned and fiirther manipulated. For 
example, if the antibody is of non-human origin, it can be "humanized" for adminisfration to 
patients. Methods for making chimeric, e.g., "humanized," antibodies are well known in the art, 
see e.g., U.S. Patent Nos. 5,811,522; 5,789,554; 5,861,155. Alternatively, recombinant 
antibodies can also be expressed by fransient or stable expression vectors in mammaUan, 
including human, cells and cell lines, as in Norderhaug (1997) J. Immunol. Methods 204:77-87; 
Boder (1997) Nat. Biotechnol. 15:553-557; see also U.S. Patent No. 5,976,833. CHO cells lines 
that express "humanized" glycosylation patterns can be particularly useful, see, e.g., U.S. Patent 
No. 5,272,070. 
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In one embodiment, the peptides of the invention are used as a pharmaceutical, 
immunogenic composition to generate an anti-GCA causative agent response in a human. 
Alternatively, DNA encoding a polypeptide comprising an immunogenic epitope can be 
administered as a pharmaceutical. The immunogenic compositions of the invention can generate 
a humoral (antibody) or cellular immune response. 

Specific monoclonal and polyclonal antibodies and antisera will usually bind with a Ko 
ofat least about mM, preferably at least about 0.1 ,M or better, and most preferably, 0.01 ,M 

or better. 



10 Diagnosing Giant Cell Arteritis 

O: The invention provides compositions and methods for diagnosing GCA involving the 

i detection of GCA-associated polypeptides and nucleic acids in tissue samples (e.g., vascuUtis 
® lesion biopsies) and fluid samples (e.g., serum) from patients. GCA can also be diagnosed by 
S detecting the presence of GCA-associated antibodies m serum or tissue samples from patients. 
These diagnostic methods are especially useM for the early diagnosis of GCA in the elderly. 
These procedures can also be used to follow the success of a treatment regimen and make 
prognoses. 



Immunoassays 

i The invention provides reagents and methods using the polypeptides and peptides 

of the invention in a variety of antibody based assays. As discussed above, these assays are used 
to detect human antibodies in serum and tissues from patients to diagnose GCA. As the peptides 
and polypeptides of the invention can also be used to generate new antibodies for the diagnosis 
and treatment of GCA, these assays can be used to assess the generation, titer, isotype, etc., the 

25 antibodies of the invention. 
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Immunological binding methodologies are well known in the art; see also U.S. Patent 
Nos. 4,366,241; 4,376,110; 4,517,288; 4,837,168; 5,817,470; METHODS IN Cell BIOLOGY Vol. 
37,. Antibodies in Cell Biology, Asai, ed. Academic Press, Inc. New York (1993); Sambrook, 
Stites; Silzel (1998) Clin. Chem. 44:2036-43; Rongen (1997) J. Immunol. Methods 
204:105-133.; Hashida (1995) Biotechnol. Annu. Rev. 1:403-51; Bao (1997) J. Chromatogr. B. 
Biomed. Sci. Appl. 699:463-80; Self (1996) Curr. Opin. Biotechnol. 7:60-5. 

In various embo^ments of the invention, the polypeptides (or peptides) and antibodies of 
the invention are immobilized to the "capture" GCA-associated antibodies or polypeptides, 
respectively. Additional reafeent are added to this reaction to detect any specific binding. These 
so-called "sandwich assays" ^e commercially useful for detecting or isolating protein or 
antibodies. 

Capture assays utilize a "capture" antibody or protein/ peptide (or nucleic acid in a 
hybridization variation) that is immobiUzed to a soUd support. After adding a tissue or serum 
sample, a labeled "signal" molecule is added (typically in solution) that can bind to the captured 
reagent. The immobilized "capture" antibody or protein and the sample molecule and the 
"signal" molecule form a "sandwich" complex. To be effective, the signal nucleic acid or protein 
should not bind substantially with the capture antibody or protein. For example, a peptide or 
polypeptide of the invention is fixed to a solid support and contacted with a tissue or serum 
sample. GCA-associated antibodies, if present, will bind to the fixed reagent. Anti-human 
antibodies are then added to detect "captured" GCA-associated human antibodies. The 
sensitivity of the assay can be enhanced through use of a signal amplification system that 
multipUes the signal being detected. For example, an enhancing signal can be generated by 
attaching fluorescent, radioactive or enzymatic molecules to the anti-human antibody binding 
reagents (e.g., use of a goat F(ab')2 anti-human IgG-alkaline phosphatase). Use of enzymes and 
subsequent developing chemicals to enhance signals are commonly called "enzyme-linked 
immunosorbent assays, or, ELISAs. Other labels can include signal nucleic acid ligands tiiat are 
bound to labeled antibodies, fluorophores, chemiluminescent agents, additional antibodies (e.g., 
Abs specific for a complex of a chelating agent and a metallic ion, e.g., a radionucUde) or otiier 
ligand-binding molecules (e.g., biotin) that can serve as specific binding pair members for a 
labeled Ugand. Examples of radionuchdes include, e.g., as ^H, '^^I, ^^S, '''C, or ^^P in labeled 
compositions. Examples of fluorochromes include, e.g., DAPI, fluorescein, Hoechst 33258, 
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phycoerythrin (PE), allophycocyanin (APC), R-phycocyanin, B-phycoerythrin, R-phycoerythrin, 
rhodamine (e.g., tetra-methylrhodamine isothiocyanate-TRITC), Texas red or lissamine. 
Suitable fluoresceins include, e.g., fluorescein isothiocyanate (FITC), (2-aminoethyl)-thioureido- 
fluorescein (FTED), fluorescein-thiosemicarbazide (FTSC), (2-aniinoethyl)-ureido-fluorescein 
(FAMCO-E), erythrocin (tetra-iodo-fluorescein), and fluoresceinamine (FAM). A signal from 
the detectable reagent can be analyzed, for example, using a spectro-photometer to detect color 
from the chromogenic substrate; a radiation counter to detect radiation (as in an RIA), e.g., a 
gamma counter for detection of iodine-125; or a fluorometer to detect fluorescence in the 
presence of light of a certain wavelength. For detection of enzyme-linked reagents, a 
quantitative analysis can be made using a spectrophotometer, e.g., in the form of a microplate 
reader (e.g.. Molecular Devices, Menlo Park, Calif) in accordance with the manufacturer's 
instructions. Assays of the invention can be automated or performed robotically and signals 
from multiple samples can be detected simultaneously. 

Immunoassays can be either cWpetitive or noncompetitive. Noncompetitive 
immunoassays are assays in which theWount of captured analyte (GCA-associated human 
antibody) is directly measured. In one '-Uidwich" assay, for example, the capture agent (a 
polypeptide or peptide of the invention) ia be bound directly to a solid substrate where they are 
immobiUzed. These immobilized reagentfcen capture antibody present in the test sample. The 
f Antibody thus immobilized is then bound by\a labeling agent, such as a second anti-human 
i antibody reagent bearing a label. AltemativeV the human antibody binding reagent can lack a 
label, but it may, in turn, be bound by a labeledVird reagent (e.g. another antibody), e.g., 
specific to antibodies of the species from whichL second antibody is derived. The second (or 
third) can be modified with a detectable moiety, sich as biotin, to which a another labeled 
molecule can specifically bind, such as, e.g., enzymVlabeled streptavidin. In a variation of the 
25 above, the immobilized reagent can be an antibody ofttie invention used to capture a GCA- 
associated polypeptide. The second (soluble) reagent c\n be, e.g., another GCA-associated 
polypeptide binding antibody of the invention. CompetitWe binding assays can also be used. 
For example, a known amount of labeled human antibody ite added to the serum or tissue sample. 
The sample is then contacted with the capture agent (GCA-Lociated polypeptides or peptides of 
30 the invention). The amount of labeled human antibody bounV the immobilized reagent is 
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inversely proportional to the concentration of GCA-polypeptide reactive antibody present in the 

sample. A hapten inhibition assay is another competitive assay. 

These assays can be readily adapted to a variety of different variations, including 

automated analytical apparatus, of which many are well known in the art, see, e.g., U.S. Patent 

Nos. 5,981.199; 5,958,202; 5,698,450; 5,648,274; 5,451,504; 5,424,220; 5,395,754; 5,175,086. 

See also U.S. Patent Nos. 5,932,429; 5,780,319, 5,629,167; describing detecting and quantitation 

of specific human antibodies from tissue or serum samples. 

The present invention also provides methods for Western blot (immunoblot) analysis to 
detect and/or quantify the presence of a protein in a sample. The technique generally comprises 
separating sample proteins by gel electrophoresis on the basis of molecular weight, transferring 
the separated proteins to a suitable solid support, (such as a nitrocellulose filter, a nylon filter, or 
derivatized nylon filter), and incubating the sample with the antibodies that specifically bind, 
e.g., GCA-associated polypeptides. These antibodies may be directly labeled or alternatively 
may be subsequently detected using labeled antibodies {e.g., labeled sheep anti-mouse 
antibodies. 

The compositions and methods of the invention are also compatible with other assay 
formats, including liposome immunoassays (LIA) (Rongen (1997) /. Immunol. Methods 
204:105-133), in which liposomes designed to bind specific molecules (e.g., antibodies or 
polypeptides) and release encapsulated reagents or markers are employed. The released 
chemicals can be detected using standard techniques {see, e.g. Mom-oe (1986) Amer. Clin. Prod. 
Rev. 5:34). 

Detecting GCA-Associated Nucleic Acid 

GCA can also be diagnosed by detecting the presence of GCA-associated nucleic acid 
(e.g., the exemplary sequences of the invention, SEQ ID N0:1, SEQ ID N0:3, SEQ ID N0:5; 
SEQ ID N0:7; and SEQ ID N0:9 through 14. 

One method for evaluating the presence or absence of GCA-associated DNA in a sample 
involves a Southem transfer. Briefly, the nucleic acid sample, such as digested DNA (e.g., 
genomic, cDNA) or mRNA, is run on agarose slab or polyacrylamide gels in buffer and 
transferred to membranes. Hybridization is carried out using nucleic acid probes. Nucleic acid 
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probes can be , e.g., 10 to 20 to 30 or more bases or longer in length (see Sambrook for methods 
of selecting nucleic acid probe sequences for use in nucleic acid hybridization). Both 
quantitative and qualitative determination of the presence or absence of DNA or RNA encoding 
protein can be performed. Similarly, a Northem transfer can be used for the detection of GCA- 
associated mRNA. For example, mRNA is isolated from a given cell sample using an acid 
guanidinium-phenol-chloroform extraction method. The mRNA is then electrophoresed to 
separate the mRNA species and the mRNA is transferred from the gel to a nitrocellulose 
membrane. As with the Southem transfers, probes, such as labeled probes or PGR amplification 
products can be used to identify the presence or absence of GCA-associated nucleic acid. 

Typically, oligonucleotide probes are labeled signal nucleic acids that are used to detect 
hybridization. Complementary probe nucleic acids or signal nucleic acids can be labeled by any 
means used to detect the presence of hybridized polynucleotides (typically, the same as labels on 
antibodies, as discussed above). Methods of detection can use labels for autoradiography or 
autofluorography, such as, e.g., ^H, ^^^I, ^^S, ^^C, or ^^P-labeled probes or the like. Other labels 
include signal nucleic acid ligands that are bound to labeled antibodies, fluorophores, chemi- 
luminescent agents, enzymes, and antibodies that can serve as specific binding pair members for 
a labeled Ugand, as described above for antibody sandwich (e.g., ELISA) assays. Amplification 
(e.g., PGR) techniques (described above) can also be used to directly detect GGA-associated 
nucleic acids in situ or to amphfy signals in capture assays. 

Nucleic acid hybridization assays can also be performed in an array-based format; and 
the invention provides arrays comprising the nucleic acids of the invention. Arrays are a 
multipUcity of different "probe" or "target" nucleic acids (or other compounds) are hybridized 
against a target nucleic acid. In this manner a large number of different hybridization reactions 
can be run essentially "in parallel". This provides rapid, essentially simultaneous, evaluation of a 
wide number of reactants. Variations on arrays include, e.g., spectral imaging methods aimed at 
detecting and analyzing fluorescent in situ hybridizations employing numerous chromosome 
paints and/or loci specific probes, each labeled with a different fluorophore or a combination of 
fluorophores, see, e.g., U.S. Patent No. 5,936,731. Methods of performing hybridization 
reactions in array based formats are well known to those of skill in the art, e.g., Jackson (1996) 
Nature Biotechnology 14:1685; Ghee, Science 274:610 (1995); U.S. Patent Nos: 6,004,755; 
6,004,752; 5,631,134. 
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An alternative means for determining the level of expression of a gene encoding a protein 
is in situ hybridization. In situ hybridization assays are well known and are generally described 
in Angerer (1987) Methods Enzymol 152:649. In an in situ hybridization assay, cells are fixed to 
a soUd support, typically a glass slide or analyzed by a fluorescence activated cell sorter (FACS). 
If DNA is to be probed, the cells are typically denatured with heat or alkaU. The cells are then 
contacted with a hybridization solution at a moderate temperature to permit annealing of labeled 
probes specific to the nucleic acid sequence encoding the protein. The probes are typically 
labeled, i.e., with radioisotopes or fluorescent reporters. See also U.S. Patent No. 5,583,016; 
FISH fluorescence in situ hybridization, as described by Macechko (1997) J Histochem 
Cytochem 45:359-363; Raap (1995) Hum Mol Genet 4(4), 529-534. 

Treating Giant Cell Arteritis 

The invention provides compositions and methods for the prevention, treatment or 
ameUoration of GCA. The therapeutic compositions of the invention can be administered as 
nucleic acids that can hybridize to GCA-causative nucleic acids in vivo (e.g., a nucleic acid fi-om 
a GCA-causative microorganism) or an antibody of the invention reactive with a GCA-causative 
polypeptide. 

Inhibitory Oligonucleotides 

One particularly useful set of inhibitors provided by the present invention includes 
oUgonucleotides which are able to either bind mRNA encoding GCA-causative nucleic acids or 
to their corresponding genes, in either case preventing or inhibiting the production of functional 
proteins involved in the pathogenesis of GCA. The inhibitory association can be though 
sequence specific hybridization to another nucleic acid or by general binding, as in an aptamer. 
In another embodiment, RNA can be targeted for cleavage by RNAase P fi-om eukaryotic cells 
(e.g., human RNAase P) using a suitably designed antisense oligo-ribonucleotides as "external 
guide sequences" to form a hybrid with the target RNA, thereby creating a substrate for cleavage 
by RNAase P in vitro; see e.g., U.S. Patent No. 5,624,824. One useful class of inhibitors 
includes oligonucleotides which cause inactivation or cleavage of mRNA. For example, the 
oligonucleotide is chemically modified or has enzyme activity which causes such cleavage of the 
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mRNA, such as a ribozyme. Screening for effective oligonucleotides with the desired activity 
can be done by routine methods. Another useful class of inhibitors includes oligonucleotides 
which bind polypeptides. Double- or single-stranded DNA or single-stranded RNA molecules 
that bind to specific polypeptides targets are called "aptamers." The specific oligonucleotide- 
polypeptide association may be mediated by electrostatic interactions. For example, aptamers 
specifically bind to anion-binding exosites on thrombin, which physiologically binds to the 
polyanionic heparin (Bock (1992) Nature 355:564-566). Screening for GCA polypeptide- 
binding aptamers also can be done by routine methods. 

GCA-causative activity also can be inhibited by targeting the mRNA in vivo with 
antisense ohgonucleotides. In some situations, naturally occurring nucleic acids used as 
antisense oligonucleotides may need to be relatively long (18 to 40 nucleotides) and present at 
high concentrations. A wide variety of synthetic, non-naturally occurring nucleotide and nucleic 
acid analogues are known which can address this potential problem. For example, protein- 
nucleic acids (PNAs) containing non-ionic backbones, such as N-(2-aminoethyl) glycine units 
can be used. Antisense ohgonucleotides having phosphorothioate linkages can also be used, as 
described in WO 97/03211; WO 96/39154; Mata (1997) Toxicol Appl Pharmacol 144:189-197; 
Antisense Therapeutics, ed. Agrawal (Humana Press, Totowa, NJ, 1996). Antisense 
oligonucleotides having synthetic DNA backbone analogues provided by the invention can also 
include phosphoro-dithioate, methylphosphonate, phosphoramidate, alkyl phosphotriester, 
sulfamate, 3*-thioacetal, methylene(methylimino), 3'-N-carbamate, and morpholino carbamate 
nucleic acids. As with sequence effective for ribozyme activity, screening for effective antisense 
sequences can be done by routine screening, see, e.g., U.S. Patent No. 5,580,967; 6,013,447. 

Combinatorial chemistry methodology also can be used to create vast numbers of 
oligonucleotides that can be rapidly screened for specific oligonucleotides that have appropriate 
binding affinities and specificities toward any target, such as the GCA-causative proteins of the 
invention; see, e.g., U.S. Patent Nos. 5,880,972; 5,792,431; 5,529,756; 5,503,805. 

Inhibitory Ribozymes 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of 
RNA. The mechanism of ribozyme action involves sequence-specific hybridization of the 
ribozyme molecule to complementary target RNA, followed by endonucleolytic cleavage. 
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Within the scope of the invention are engineered hammerhead motif ribozyme molecules that 
can specifically and efficiently catalyze endonucleolytic cleavage of the sequences encoding 
GCA-causative polypeptides. 

Specific ribozyme cleavage sites within any potential RNA target are initially identified 
by scanning the target molecule for ribozyme cleavage sites which include the following 
sequences, GUA, GUU and GUC. Once identified, short RNA sequences of between 15 and 20 
ribonucleotides corresponding to the region of the target gene containing the cleavage site may 
be evaluated for secondary structural features which may render the oligonucleotide inoperable. 
The suitability of candidate targets may also be evaluated by testing accessibility to hybridization 
with complementary oligonucleotides using ribonuclease protection assays. 

Ribozymes act by binding to a target RNA through the target RNA binding portion of a 
ribozyme which is held in close proximity to an enzymatic portion of the RNA that cleaves the 
target RNA. Thus, the ribozyme recognizes and binds a target RNA through complementary 
base-pairing, and once bound to the correct site, acts enzymatically to cleave and inactivate the 
target RNA. Cleavage of a target RNA in such a manner will destroy its ability to direct 
synthesis of an encoded protein if the cleavage occurs in the coding sequence. After a ribozyme 
has bound and cleaved its RNA target, it is typically released fi-om that RNA and so can bind and 
cleave new targets repeatedly. 

The enzymatic ribozyme RNA molecule is able to cleave RNA and thereby inactivate a 
target RNA molecule. The complementarity functions to allow sufficient hybridization of the 
enzymatic ribozyme RNA molecule to the target RNA for cleavage to occur. Complementarity 
as low as 50-75% may also be employed. The present invention provides ribozymes targeting 
any portion of the coding region for a GCA-causative gene that cleave mRNA in a manner that 
will inhibit the translation of the mRNA. 

The enzymatic ribozyme RNA molecule can be formed, e.g., in a hammerhead motif, but 
may also be formed in the motif of a hairpin, hepatitis deUa virus, group I intron or RNaseP-like 
RNA (in association with an RNA guide sequence). Examples of such hammerhead motifs are 
described by Rossi (1992) Aids Research and Human Retroviruses 8:183; hairpin motifs by 
Hampel (1989) Biochemistry 28:4929, and Hampel (1990) Nuc. Acids Res. 18:299; the hepatitis 
delta virus motif by Perrotta (1992) Biochemistry 31:16; the RNaseP motif by Guerrier-Takada 
(1983) Cell 35:849; and the group I intron by Cech U.S. Pat No. 4,987,071. 
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Preparation and use of inhibitory nucleic acids 

Antisense molecules and ribozymes of the invention may be prepared by any method 
known in the art for the synthesis of RNA molecules. These include techniques for chemically 
synthesizing oUgonucleotides such as solid phase phosphoramidite chemical synthesis. 
Alternatively, RNA molecules may be generated by in vitro and in vivo transcription of DNA 
sequences encoding the GCA-associated polypeptides of the invention. Such DNA sequences 
may be incorporated into a wide variety of vectors with suitable RNA polymerase promoters 
such as T7 or SP6. Alternatively, antisense cDNA constructs that synthesize antisense RNA 
constitutively or inducibly can be introduced into cell lines, cells or tissues. 

RNA molecules can be modified to increase intracellular stability and half-Ufe. Possible 
modifications include, but are not limited to, the addition of flanking sequences at the 5' and/or 3' 
ends of the molecule or the use of phosphorothioate or 2' 0-methyl rather than phosphodiesterase 
linkages within the backbone of the molecule. This concept is inherent in the production of 
PNAs and can be extended in all of these molecules by the inclusion of nontraditional bases such 
as inosine, queosine and wybutosine as well as acetyl-, methyl-, thio- and similarly modified 
forms of adenine, cytidine, guanine, thymine, and uridine which are not as easily recognized by 
endogenous endoriucleases. 

Triplex DNA can also be used to inhibit DNA transcription and rephcation, generate site- 
specific mutations, cleave DNA, and induce homologous recombination. See, e.g., Havre (1993) 
J. Virology 67:7324-7331; Scanlon (1995) FASEB J. 9:1288-1296; Giovannangeli (1996) 
Biochemistry 35:10539-10548; Chan (1997) J. Mol. Medicine (Berlin) 75: 267-282. Triple helix 
DNAs can be used to target the same sequences identified for antisense regulation. 

Methods for introducing vectors into cells or tissues include those methods that are 
suitable for in vivo, in vitro and ex vivo therapy, as described below. 

Antibodies for treating GCA 

In addition to providing antibodies reactive with GCA-associated polypeptides usefiil for 
diagnosing GCA, the invention also provides antibodies reactive with GCA-causative 
polypeptides for the ameUoration, prevention or treatment of GCA. Administration of antibodies 
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can be as polypeptides or as nucleic acids encoding antibodies; such methods and protocols are 
well known in the art. 



Formulation and Administration Pharmaceuticals 
5 The invention provides antibodies (directed to GCA-causative proteins, e.g., SEQ ID 

N0:2, SEQ ID N0:4, SEQ ID N0:6, SEQ ID N0:8), vectors or oligonucleotides (e.g., inhibitory 
nucleic acids, e.g., antisense) with pharmaceutically acceptable carrier (excipient) to form a 
pharmacological composition. The nucleic acids and vectors can be formulated as 
pharmaceuticals for the transfer of nucleic acids into cells in vitro or in vivo. The pharmaceutical 

10 composition of the invention can fiirther comprise other active agents, including other 
recombinant viruses, plasmids, naked DNA or pharmaceuticals (e.g., anti-inflammatory agents). 

11 These pharmaceuticals can be administered by any means in any appropriate formulation. 
S , \ Routine means to determinkdrug regimens and formulations to practice the methods of the 
^ I mvention are well describedV the patent and scientific literature, and some illustrative examples 
^|P^I are set forth below. For exam^, details on techniques for formulation, dosages, administration 
'y and the like are well described i\ the scientific and patent Uterature, see, e.g. , the latest edition of 
p Remington's Pharmaceutical Scieii^es, Maack PubUshing Co, Easton PA. 

M Pharmaceutically acceptable carriers can contain a physiologically acceptable compound 

S that acts, e.g., to stabihze the composition or to increase or decrease the absorption of the agent 
S and/or pharmaceutical composition. Physiologically acceptable compounds can include, for 

example, carbohydrates, such as glucose, sucrose, or dextrans, antioxidants, such as ascorbic acid 
or glutathione, chelating agents, low molecular weight proteins, compositions that reduce the 
clearance or hydrolysis of any co-administered agents, or excipients or other stabilizers and/or 
buffers. Detergents can also used to stabiUze the composition or to increase or decrease the 
25 absorption of the pharmaceutical composition (see infi-a for exemplary detergents). 

Other physiologically acceptable compounds include wetting agents, emulsifying agents, 
dispersing agents or preservatives that are particularly usefiil for preventing the growth or action 
of microorganisms. Various preservatives are well known, e.g., ascorbic acid. One skilled in the 
art would appreciate that the choice of a pharmaceutically acceptable carrier, including a 
30 physiologically acceptable compound depends, e.g., on the route of administration of the 
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adenoviral preparation and on the particular physio-chemical characteristics of any co- 
administered agent. 

The compositions for administration will commonly comprise a buffered solution 
comprising nucleic acid (e.g., vector) or antibody in a pharmaceutically acceptable carrier, e.g., 
an aqueous carrier. A variety of carriers can be used, e.g., buffered saline and the like. These 
solutions are sterile and generally free of undesirable matter. These compositions may be 
sterilized by conventional, well-known sterilization techniques. The compositions may contain 
pharmaceutically acceptable auxiUary substances as required to approximate physiological 
conditions such as pH adjusting and buffering agents, toxicity adjusting agents and the like, for 
example, sodium acetate, sodium chloride, potassium chloride, calcium chloride, sodium lactate 
and the like. The concentration of active agent in these formulations can vary widely, and will 
be selected primarily based on fluid volumes, viscosities, body weight and the like in accordance 
with the particular mode of administration selected and the patient's needs. 



Determining Dosing Regimens 

The pharmaceutical formulations of the invention can be administered in a variety of unit 
dosage forms, depending upon the particular condition or disease, the general medical condition 
of each patient, the method of administration, and the like. In one embodiment, the 
concentration of vectors (e.g., therapeutic virus or plasmids) in the pharmaceutically acceptable 
excipient is between about 10^ to about \0'' or between about 10^ to about lO'^ or between about 
10^ to about 10^^ particles/vectors per mL in an aqueous solution. Details on dosages are well 
described in the scientific and patent literature, see, e.g., the latest edition of Remington's 
Pharmaceutical Sciences; Sterman (1998) Hum. Gene Ther. 9:1083-1092; Smith (1997) Hum. 
Gene Ther. 8:943-954. 

The exact amount and concentration of antibody or vector or oligonucleotide and the 
amount of formulation in a given dose, or the "therapeutically effective dose" is determined by 
the clinician, as discussed above. The dosage schedule, i.e., the "dosing regimen," will depend 
upon a variety of factors, e.g., the stage and severity of the GCA, and the general state of the 
patient's health, physical status, age and the like. The state of the art allows the clinician to 
determine the dosage regimen for each individual patient and, if appropriate, concurrent disease 
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or condition treated. For example, adenovirus has been safely used for many years for human 
vaccines; see, e.g., Horwitz (1990) supra; Straus (1984) supra; Haj-Ahmad (1986) J. Virol, 
57:267); Ballay (1985) EMBO, 4, 3861 (1985); PCT patent appUcation WO 94/17832). Human 
adenoviruses have been used in humans as in vivo gene delivery vehicles (Graham & Prevec in 
New Approaches to Immunological Problems, Ellis (ed), Butterworth-Heinemann, Boston, 
Mass., pp. 363-390 (1992); Ragot (1993) iVature 361:647-650 (1993); Kozarsky (1993) Curr. 
Opin. Genet. Dev. 3:499-503); U.S. Patent No. 5,981,225. These illustrative examples can also 
be used as guidance to determine the dosage regiment, i.e., dose schedule and dosage levels 
administered when practicing the methods of the invention. 

Single or multiple administrations of antibody, vector or oligonucleotide formulation can 
be administered, depending on the dosage and frequency as required and tolerated by the patient. 
Thus, one typical dosage for regional (e.g., IP or intrathecal) administration is between about 0.5 
to about 50 mL of a formulation with about lO'^ vectors/ particles per mL. hi an alternative 
embodiment, dosages are from about 5 mL to about 20 mL are used of a formulation with about 
10^ vectors/particles per mL. Lower dosages can be used, such as is between about 1 mL to 
about 5 mL of a formulation with about 10^ vectors/particles particles per mL. Based on 
objective and subjective criteria, as discussed herein, any dosage can be used as required and 

tolerated by the patient. 

The exact concentration of antibodies, vector or oligonucleotide, the amount of 
formulation, and the frequency of administration can also be adjusted depending on the levels of 
in vivo (e.g., in situ) gene expression and vector retention after an initial administration. 

Routes of Delivery 

The pharmaceutical compositions olEthe invention (e.g., therapeutic antibodies, vectors or 
antisense oligonucleotides) can be delivered V any means known in the art systemically (e.g., 
infravenously), regionally, or locally (e.g., intrAor peri-tumoral or intracystic injection, e.g., to 
freat bladder cancer) by, e.g., intraarterial, intratirinoral, intravenous (IV), parenteral, intra- 
pleural cavity, topical, oral, or local administration's subcutaneous, intra-tracheal (e.g., by 
aerosol) or transmucosal (e.g., buccal, bladder, vaginak uterine, rectal, nasal mucosa), intra- 
tumoral (e.g., transdermal appUcation or local injection)\For example, intra-arterial injections 
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can be used to have a 'Vegional effect," e.g., to focus on a specific organ (e.g., brain, liver, 
spleen, lungs). For example, intra-hepatic artery injection or intra-carotid artery injection. If it is 
desired to deliver the pr^aration to the brain, it can be injected into a carotid artery or an artery 
of the carotid system of aperies (e.g., occipital artery, auricular artery, temporal artery, cerebral 
5 artery, maxillary artery, et(A, 

Therapeutic antibodies, vectors or other nucleic acids of the present invention, alone or in 
- combination with other suitable components can be made into aerosol formulations to be 
administered via inhalation. These aerosol formulations can be placed into pressurized 
acceptable propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like. They 
1 0 also may be formulated as pharmaceuticals for non-pressured preparations such as in a nebulizer 

or an atomizer. Typically such administration is in an aqueous pharmacologically acceptable 
^ buffer as described above. Delivery to the lung can be also accomplished, e.g., by use of a 
ri]j bronchoscope. 

Additionally, the therapeutic compositions employed in the present invention may be 
M made into suppositories by mixing with a variety of bases such as emulsifying bases or water- 
soluble bases. Formulations suitable for vaginal administration may be presented as pessaries, 
y tampons, creams, gels, pastes, foams, or spray formulas. 

U The pharmaceutical formulations of the invention can be presented in unit-dose or multi- 

Si dose sealed containers, such as ampules and vials, and can be stored in a freeze-dried 
9 (lyophilized) condition requiring only the addition of the sterile liquid excipient, for example, 
water, for injections, immediately prior to use. Extemporaneous injection solutions and 
suspensions can be prepared from sterile powders, granules, and tablets. 

Therapeutic compositions can also be administered in a lipid formulation, more 
particularly either complexed with liposomes to for lipid/nucleic acid complexes (e.g., as 
25 described by Debs and Zhu (1 993) WO 93/24640; Mannino (1 988) supra; Rose, U.S. Pat No. 
5,279,833; Brigham (1991) WO 91/06309; and Feigner (1987) supra) or encapsulated in 
liposomes, as in immunoliposomes directed to specific cells. It will be appreciated that such 
lipid formulations can also be administered topically, systemically, or delivered via aerosol. 
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Kits 

The invention provides kits that contain the vectors or pharmaceutical compositions of 
the invention. The kits can contain, e.g., vectors able to produce antisense sequences to inhibit 
causative agents of GCA. The kit can contain instructional material teaching methodologies, 
5 e.g., means to diagnose GCA or biopsy arteritis lesions. Kits containing pharmaceutical 

preparations (e.g., vectors, nucleic acids) can include directions as to indications, dosages, routes 
and methods of administration, and the like. 

It is understood that the examples and embodiments described herein are for illustrative 
purposes only and that various modifications or changes in light thereof will be suggested to 
10 persons skilled in the art and are to be included within the spirit and purview of this application 
g and scope of the appended claims. 

m EXAMPLES 

m The following examples are offered to illustrate, but not to limit the claimed invention. 

Ji 

L,^ Example 1: Isolation and Characterization of Sequences Associated With GCA 

M= The following example describes the isolation and identification of the novel sequences 

kj of the invention by subtractive hybridization of nucleic acid of normal tissue from nucleic acid of 
2?: GCA lesions. 

20 Because of advances in techniques of representational difference analysis (RDA), this 

method was chosen to detect unique sequences ih samples of normal versus GCA-associated 
DNA. This method can identify sequences from pathogenic organisms, latent or active, in tissue 
lesion samples in addition to genomic losses or rearrangements. After isolation, nucleic acid 
from an involved site is compared to DNA obtained from uninvolved tissue. RDA represents a 

25 powerful tool in which differences between complex genomes can be identified. Recent 

modifications in the technique permit the analysis of minute samples from small cell numbers. 

A genomic (rather than RNA expression) strategy was selected in order to decrease the 
accrual of inflammation-associated host genes, such as cytokines or T cell associated 
polypeptides, as T cell receptors (TCRs). Genomic RDA systematically excludes the majority of 



78 




fraey Docket No. 07419-029001 
Client Ref. No. 00-228 



"host" (i.e., patients') genes and permits identification of sequences from any GCA-associated 
microorganism with a DNA phase to its life-cycle. 

Like other subtractive strategies, RDA critically depends on optimal positive ("GCA- 
involved" or "lesional" or "tester") and negative ("normal" or "non-lesional" or "driver") starting 
material. Since temporal artery lesions in GCA are discontinuous, the ideal pair of tester and 
driver areas can be present in biopsies from single individuals. A microscopic-scale laser 
microdissection isolation method was used to obtain homogeneous lesional and non-lesional 
samples. This is a flexible and direct method for isolating microscopic-scale samples for 
molecular analysis. Laser-capture microdissection was used to isolate DNA from archival 
pathology specimens of GCA-positive arteries from both histopathologically involved and 
uninvolved areas. Genomic RDA was performed on archival, GCA-positive temporal arteries 
that were snap-frozen. These specimens provided a source of high quality genomic DNA. 
Specimens that were selected for RDA unequivocally demonstrated pathologic evidence of 
GCA. 

Thirty sequentially curtissue sections (10 |im each) were placed on non-charged 
microscope slides, fixed, dehydrated, and stained with hematoxylin and eosin. GCA 
inflammatory lesions were identified and dissected using a Laser Capture Microdissecting 
Microscope™ (Arcturus Engineering, Inc., Mountain View, CA). Approximately 500 cells 
including giant cells and inflammatoW infiltrate were dissected from each GCA specimen. DNA 
isolated from these cells represented the "tester" population. Approximately 500 cells were 
microdissected from a subsequent section with no histopathologic evidence of GCA lesions. The 
DNA isolated from these cells represent tlie "driver" sample in the RDA. 

DNA was extracted from tester and driver samples and prepared for RDA according to 
Michiels (1998) supra. Briefly, isolated cells were incubated overnight at 37°C in proteinase K 
and restriction digested with BamHl . The driver and tester DNA were ligated to amplimers 
RBAM14 and RBAM24 and PCR amphfied as described by Lisitsyn (1993) supra and Michiels 
(1998) supra. RDA was performed using the lesional DNA as the tester and non-lesional DNA 
as the driver in consecutive rounds of hybridization/ amplification to obtain sequences 
represented solely in the lesional DNA population. 

The fourth roimd of RDA yielded two prominent bands. This entire region of the gel 
encompassing these prominent bands was excised and the DNA was extracted and cloned into a 
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TA vector (Invitrogen, San Diego, CA). Bacteria were transformed with the vector and 100 
individual clones containing insert were isolated. The 100 clones were examined for insert by 
PGR amplification. Eighty percent of the clones contained insert. Analysis of these clones 
revealed multiple inserts of tmique size. 

Priority candidate genes within the two RDA libraries were identified using several steps. 
First, duplicate clones were excluded by DNA fragment size and by 4-cutter restriction pattern. 
Second, unique cloned inserts were analyzed by automated sequencing. Third, the sequences 
were used to search the National Institutes of Health non-redundant database with the NCBI 
BLAST program (BLOSUM 62 matrix, TBLASTX (version 1.4.1 1, Nov-97) as described by 
Alschul (1996) Methods Enzymol. 266:460-480. AUgnments were performed using the 
CLUSTAL W Multiple Sequence Alignment Program (version 1.7, June, 1997). 

One criterio\ to for selecting which genes would first be translated into recombinant and 
used to analyze for thk presence of human antibodies in serum from GCA patients was relative 
homology to sequencesSjf known microbial origin. A total of eleven unique DNA sequences 
were obtained in the first two RDAs using two different GCA+ arterial specimens. Sequence 
identity analysis showed that four of the unique sequences, GCA 1, GCA 5, GCA 14, and GCA 
17, may be distantly related toNknown microbial sequences. Thus, these were the first sequences 
selected for further characterizatK^n. 

Example 2: Serum Antibodies From GCA Patients Specifically Bind to Polypeptides of the 
Inveption 

The following example demonstrates that antibodies in the serum of GCA patients 
specifically bind to exemplary polypeptides of the invention. 

Validation of GCA-associated gene segments relies, in part, on fianctional evaluations of 
either the presence of disease-specific immune responses against the associated candidate protein 
sequence or disease-specific expression of the gene sequence or product. In order to proceed 
with analysis of the novel sequences of the invention, open reading frames from these sequences 
were analyzed and expression constructs produced. 

These unique sequences GCA 1, GCA 5, GCA 14, and GCA 17, as identified in 
Example 1 , were analyzed for open reading frames (ORF). A total of five ORFs from four 
sequences were identified. These were used to consti^ct fiision proteins to identify the presence 
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of anti- GCA 1, GCA 5, GCA 14, and OCA 17 antibodies in human OCA patients. The 

sequence of the fusion proteins is set forth, above. 

GST fusion proteins were produced using these five identified ORFs fi-om the clones 

identified by genomic RDA. Each ORF was amplified using sequence specific primers designed 
5 to produce an in-fi-ame product when cloned into the multiple cloning site of an expression 

vector, pGEX-KG, as described by Guan (1991) Anal. Biochem. 192:262-267. The BL21 strain 

of i:. coli (Stratagene, San Diego, CA) was transformed with the desired pGEX-GCA construct. 

Individual colonies were selected, grown, and its sequence confirmed as the correct insertion of 

one in-fi^e fi-agment copy. Individual colonies were selected, grown, and expression of fiision 
10 protein was induced with IPTG using standard techniques. GST (glutathione S-transferase)- 

GCA fiision proteins were produced and purified using the GST Gene fiision System (Pharmacia 

Biotech) and manufacturer's instructions. Briefly, the bacterial cells were lysed by sonication 
5 and the soluble GST fiision proteins allowed to bind to a glutathione Sepharose 4B colunrn. 
ft Purified GST-fiision proteins were eluted from the column and protein concentration determined 
"t| by the Bradford method. Several of the GST-GCA fiision proteins were insoluble and localized 
= to the inclusion bodies. These proteins were retrieved by isolation of the inclusion body 
P followed by Solubilization of the recombinant proteins in the inclusion bodies. Pvuity was 
H= estimated at greater than 90% by SDS-PAGE and protein (Coomassie) stain. Reactivity of the 
n! expected product was determined by Western blot analysis using a commercially available anti- 
Qi GST antibody (Molecular Probes). The GST-GCA fiision proteins were then evaluated for GST 

reactivity to human serum. 

The protocol for large-scale GST-fiision protein purification was: 
Day 1 : 

1 . Pick colony from plate (LB-agar plate with O.OSmg amp/ml) plated from glycerol stocks. 
25 Grow in 5ml LB-amp o/n shaking at 37°C. 

Day 2 : 

2. Preparation of Beads (in morning): 950mg of G4510 Sigma Glutathione Agarose Beads 
in 20ml PBS. Rock for 2 hrs at room temperature (r.t.). Store at 4°C. Warm to room 
temperature to prepare the column. 
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3. Preparation of (1ml) Columns): Prepare quiagen column with slurry to produce a 1 ml 
packed column. Equilibrate column in Bugbuster + 125^1 IM DTT + 2 complete tablets 
(Boehringer) + 50^1 250mM PMSF(50mM final concentration). 

4. In morning - transfer 5ml culture into 600ml LB-amp and continue shaking at 37°C. 
Grow until OD reading (at 600 ran) is 0.6-0.8. 

5. Induce w/ l^il of lOOmM IPTG per ml of culture, at r.t. shaking vigorously for ~1 'A hrs. 

6. Centrifuge at 5,000xg for 10 min. 

Decant and remove as much Uquid as possible, leaving pellet. 

7. Resuspend pellets in Bugbuster (Novagen, 70584-4) (1/25 th volume of the original 
culture volume). Prepare 25ml Bugbuster + 125^1 of IM DTT (5mM DTT final), 2 
complete tabs (Boehringer) +50^t 1 of 250niM PMSF (0.5mM final PMSF cone); store on 
ice. Add 12 ml of Bugbuster mix to each pellet and vortex. 

8. Incubate centrifiige tubes at r.t. shaking at slow setting for 10 min. 

9. Transfer each 1 2ml soup to a 30ml small autoclaved centrifixge tube. Spin at 1 6,000xg 

for 20 min. at 4°C. 

10. Apply supernatant to prepared columns. Wash Buffers : Wash 1 : 50mM Tris-Cl, pH 7.5; 
300mM NaCl; lOmM EDTA; complete tablet 0.5 mM PMSF. Wash 2: Above buffer, 
without NaCL. Elution Buffer: 50mM Tris-Cl, pH 8, 25mM reduced glutathione. 

1 1 . Uncap columns and collect flow thru. 

12. Wash each column in 2x6ml wash 1 

13. Wash each column in 2x6ml wash 2 

14. Cap columns and add 2ml of elution buffer. (Can store in 4''C at this stage.) 

15. Elute in 500^il, 1ml, and finally 2ml of elution buffer. Check OD of each. 

16. Quantify protein concentration by Bradford method 
16. Store eluted protein fi-actions in -20°C or -80°C. 

GST Fusion Protein ELISA Testing 

ELISA analyses were performed for primary detection of human serum antibodies with 
specificity for the GST-GCA fiision proteins. The GST fiision proteins (purified as noted above) 
and a GST protein were purified as a control. Microtiter plates were coated with a GST-GCA 
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fusion protein or GST control; 1 ^ig/well in 50 ^il borate coating buffer (5.15 g of boric acid, 3.65 
g NaCl, per 500 ml, pH 8.5; washed, 3X with 0.05% Tween20 -PBS, and blocked with 0.05% 
Tween20-PBS. 

Human sera wa^ttested in tripUcate at multiple dilutions in 0.05% Tween20 -PBS. 
Reactivity was detected v^th an alkaline-phosphatase-labeled goat anti-human IgG and 
developed with Sigma loAhosphatase substrate. Absorbances was measured at 405 nm with a 
Biorad ELISA reader and Mcintosh analytic software. OD values of nonspecific binding of 
sera to GST alone was subtrac^d from the raw values of binding to the GST-GCA fusion 
proteins in order to determine spfecific absorbances. 

Figure 1 illustrates data from a representative ELISA using the fusion protein GCAlb- 
GST to test human serum for the presence of anti- GCAlb reactive antibodies. Various dilutions 
of human serum from a GCA+ patient and GCA- individual were used, as shown in Figure 1. 
Specific binding of human antibodies to GCAlb was detected in the patient's serum (note 
enhanced serum binding to the GCA+ serum, as compared to GCA-, or "normal" serum). 

Figure 2 illusfrates data from a representative ELISA using the fusion protein GC AIT- 
GST to test human serum for the presence of anti- GCA17 reactive antibodies. Various dilutions 
of human serum from a GCA+ patient and a GCA- individual were used, as shown in Figure 2. 
Specific binding of human antibodies to GCA17 was detected in the patient's serum (note 
enhanced serum binding to the GCA+ serum, as compared to GCA-, or "normal" serum). 

Figure 3 illusfrates a representative experiment using four exemplary GCA-GST fusion 
proteins, GCA la-GST, GCA lb-GST, GCA14-GST, and GCA17-GST. These fusion proteins 
were used to detect serum IgG in sera from 10 GCA+ patients and 10 GCA- individuals. All 
sera were individually tested at multiple dilutions. The graph demonsfrates the mean OD 
observed after 30 minutes of detection and the standard deviation for binding of each of the 
fusion proteins to the sera at 1/100 dilution. 

These data demonsfrate that the peptides and polypeptides of the invention can be used to 
identity antibodies present in the serum of GCA+ patients. Accordingly, these compositions and 
associated methods of the invention can be used to diagnose, and, importantly, to screen for, the 
presence or predisposition to GCA. 

These data also demonsfrate that the peptides and polypeptides of the invention can be 
used to generate additional antibodies (the antibodies of the invention) to fiirther identify the 
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predisposition to or presence of GCA. These antibodies can also be used to treat GCA, as 
described above. 

Because these data demonstrate that that the peptides and polypeptides of the invention 
are associated with GCA, they also demonstrate that the nucleic acids of the invention also can 
be used to diagnose GCA. As these nucleic acids also encode polypeptides possibly essential to 
the GCA-causative agent, these data also demonstrate that the nucleic acids of the invention also 
can be used to treat GCA, as described above. 
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